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[Claim(s)] 

[Claim l]In a photoelectric conversion element which has a semiconductor particle lay el- 
and a charge transfer layer which carried out sensitization with a pigment, the first main 
metallic element in which this semiconductor particle layer constitutes this — at least a 
kind of second metallic element — less than [ of a main metallic element / more than 
0.01mol%50mol% ] -- a containing photoelectric conversion element. 
[Claim 2] The photoelectric conversion element according to claim 1 forming when this 
semiconductor particle layer calcinates particles containing the first metallic element 
under existence of a compound of the second metallic element. 
[Claim 3]The photoelectric conversion element according to claim 1 or 2, wherein the 
second metallic element is an alkali metal, an alkaline earth metal, an aluminium, silicon, 
or a transition metal element. 

[Claim 4] The photoelectric conversion element according to claim 3, wherein the second 
metallic element is an alkali metal, strontium, or a univalent transition metal element. 
[Claim 5]The photoelectric conversion element according to any one of claims 2 to 4, 
wherein a compound of the second metallic element is a hydroxide of this metal, an 
oxide, or a salt. 

[Claim 6] The photoelectric conversion element according to any one of claims 1 to 5, 
wherein the first metallic element that constitutes the above-mentioned semiconductor 
particulate is chosen from titanium, iron, zinc, zirconium, niobium, tin, and tungsten. 
[Claim 7]The photoelectric conversion element according to any one of claims 1 to 6, 
wherein a charge transfer layer contains a fused salt electrolyte or an inorganic hole 
transportation agent. 

[Claim 8] A photoelectric cell using a photoelectric conversion element indicated to either 
of the Claims 1-7. 

[Claim 9] A photoelectric cell module comprising a photoelectric conversion element 
indicated to either of the Claims 1-7. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the photoelectric conversion element 
using the semiconductor particulate by which sensitization was carried out with the 
pigment, and the photoelectric cell using it. 
[0002] 

[Description of the Prior Art] Although compound photovoltaic solar cells, such as a 
single-crystal-silicon solar cell, a polycrystalline silicon solar cell, an amorphous- silicon 
solar cell, cadmium telluride, and indium selenide copper, have been the targets of 
utilization or the main research and development, [ solar power ] When making it spread, 
a manufacturing cost, raw-material reservation, and an energy payback time need to 
conquer problems, like it is long. On the other hand, although many solar cells using the 
organic materials which pointed to large-area-izing and low-pricing were also proposed 
until now, there was a problem that conversion efficiency was low and endurance was 



also bad. 

[0003]The material and the manufacturing technique for creating the photoelectric 
conversion element and solar cell using the semiconductor particulate by which 
sensitization was carried out to Nature (the 353rd volume, the 737-740th page, 1991), a 
U.S. Pat. No. 4927721 item, etc. with the pigment, and this in such a situation were 
indicated. The proposed cell is a liquid junction solar cell which uses as a working 
electrode the titanium dioxide porous thin film by which spectral sensitization was 
carried out with the ruthenium complex. Since the first advantage of this method can be 
used without refining inexpensive oxide semiconductors, such as titanium dioxide, to a 
high grade, It is the point that an inexpensive photoelectric conversion element can be 
provided, and since broadcloth [ the second advantage / absorption of the pigment used ], 
it is a thing of a visible radiation mostly convertible [ the light of a total field ] into 
electricity. However, there was a problem that this element had the small voltage which 
can be taken out. On the other hand, although some things for which a semiconductor 
with a high energy level of a conduction band is used were proposed, the energy level 
was characteristic of the semiconductor, and adjustment was difficult. 
[0004] 

[Problem to be solved by the invention]The purpose of this invention is to adjust the 
energy level of a semiconductor simply, and there is in providing the dye sensitizing 
photoelectric conversion element which is excellent in extraction voltage. Other purposes 
of this invention are to provide a dye sensitizing photoelectric conversion element with 
high conversion efficiency which can be manufactured simple. Other purposes of this 
invention are to provide the photoelectric cell which used the above-mentioned 
photoelectric conversion element. 
[0005] 

[Means for solving problem] According to this invention, the photoelectric conversion 
element and photoelectric cell of the following composition are provided, and the 
purpose of describing this invention above is attained. 

1 . In photoelectric conversion element which has semiconductor particle layer and charge 
transfer layer which carried out sensitization with pigment, the first main metallic 
element in which this semiconductor particle layer constitutes this — at least a kind of 
second metallic element — less than [ of a main metallic element / more than 
0.01mol%50mol% ] - the containing photoelectric conversion element. 

2. Photoelectric conversion element given in the above 1 forming by calcinating particles 
to which this semiconductor particle layer contains the first metallic element under 
existence of compound of the second metallic element. 

3. Photoelectric conversion element given in the above 2, wherein calcination is 
performed in either exposure to heating, exposure of electromagnetic waves, electric 
field, or magnetic field, energization and such combination. 

4. Photoelectric conversion element given in either of the above 1-3, wherein the second 
metallic element is alkali metal, alkaline earth metal, aluminium, silicon, or transition 
metal element. 

5. Photoelectric conversion element given in the above 4, wherein the second metallic 
element is alkali metal, strontium, or univalent transition metal element. 

6. Photoelectric conversion element given in either of the above 2-5, wherein compound 
of the second metallic element is hydroxide of this metal, oxide, or salt. 



7. Photoelectric conversion element given in either of the above 1-6, wherein the first 
metallic element that constitutes above-mentioned semiconductor particulate is chosen 
from titanium, iron, zinc, zirconium, niobium, tin, and tungsten. 

8. Photoelectric conversion element given in either of the above 1-7, wherein charge 
transfer layer contains fused salt electrolyte or inorganic hole transportation agent. 

9. Photoelectric cell using photoelectric conversion element indicated to either of the 
above 1-8. 

10. A photoelectric cell module comprising a photoelectric conversion element indicated 
to either of the above 1-8. 

[0006] 

[Mode for carrying out the invention]Hereafter, an embodiment of the invention is 
explained in full detail. First, the outline is described about a semiconductor particle layer 
by which sensitization was carried out with a pigment used as a photosensitive layer of a 
photoelectric conversion element of this invention. "Sensitization is carried out with a 
pigment" is enabling it to show absorption in long wavelength more in this invention by 
touching [ wavelength / which can originally absorb a semiconductor ] this 
semiconductor surface in a pigment. That is, it is making charge separation possible also 
by light of long wavelength more by pouring into a conduction band of a semiconductor 
an excitation electron which carried out charge separation by light absorbed with a 
pigment. A semiconductor particle layer of a photoelectric conversion element of this 
invention makes a semiconductor particulate stratified by calcination, and it is in the state 
where it joined together electrically, between semiconductor particulates. Therefore, the 
electron which carried out charge separation on a pigment can diffuse promptly a 
conduction band which a semiconductor particle layer combined electrically. Calcination 
of a semiconductor particulate is generally performed by heating. For example, when a 
semiconductor particulate is zinc oxide by heating at 400-550 ** when a semiconductor 
particulate is titanium oxide, it is carried out by heating at 550-650 **. Heat time is 10 
minutes - about 10 hours. Same effect is acquired by exposure to an exposure, an electric 
field, or a magnetic field of electromagnetic waves, and energization besides heating. In 
this invention, "calcination" can mean combining a semiconductor particulate electrically, 
for example, exposure to the above-mentioned heating and an exposure of 
electromagnetic waves, an electric field, or a magnetic field, energization, and such 
combination can perform. 

[0007]at least a kind of second metallic element that is different from a main metallic 
element to the first main metallic element that constitutes a semiconductor particle layer 
at the time of calcination — less than [ of a main metallic element / more than 
0.01mol%50mol% ] - it being making it exist and, The conduction band energy level of 
a semiconductor particle layer is controllable. For example, it is possible by calcinating 
under existence of the compound of the second metallic element to control the 
conduction band energy level of a semiconductor particle layer. 
[0008] As the second metallic element, if it differs from the main metallic element of a 
semiconductor particle layer, although it is good, they will be an alkali metal, an alkaline 
earth metal, an aluminium, silicon, or a transition metal element preferably anything. 
Especially a desirable thing is an alkali metal, an alkaline earth metal, or a univalent or 
divalent transition metal element. An alkali metal, strontium, or a univalent transition 
metal element is the most preferred. As a desirable divalent transition metal element, 



iron, cobalt, nickel, copper, zinc, tin, etc. are mentioned. As a compound of the second 
metallic element, salts, such as a hydroxide of the above-mentioned metallic element, an 
oxide or carbonate, nitrate, and a hydrochloride, are preferred. 
[0009]A semiconductor particle layer is later mentioned further in detail as a 
photosensitive layer. The following and a photosensitive layer are synonymous with a 
semiconductor particle layer. Next, the composition of the photoelectric conversion 
element of this invention and the photoelectric cell using it is explained. 
[0010][1][ the photoelectric conversion element of composition this invention of a 
photoelectric conversion element ] As preferably shown in drawing 1, it laminates in 
order of the conductive layer 10, the undercoat 60, the photosensitive layer 
(semiconductor particle layer) 20, the charge transfer layer 30, and the counter electrode 
conductive layer 40, Said photosensitive layer 20 consists of the charge transporting 
materials 23 which permeated the opening between the semiconductor particulate 21 by 
which sensitization was carried out with the pigment 22, and the semiconductor 
particulate 21 concerned (mutually, the semiconductor particulate 21 contacts, is 
connected and forms the porous film). The charge transporting material 23 consists of the 
same component as the material used for the charge transfer layer 30. In order to give 
hardness to a photoelectric conversion element, the substrate 50 may be formed as a 
ground of the conductive layer 10 and/or the counter electrode conductive layer 40. In 
this invention, the layer which consists the layer which consists of the conductive layer 
10 and the substrate 50 which it is arbitrary and is formed of a "conductive substrate", the 
counter electrode conductive layer 40, and the substrate 50 it is arbitrary and is formed is 
called a "counter electrode" below. The conductive layer 10 in drawing L the counter 
electrode conductive layer 40, and the substrate 50 may be the transparent conductive 
layer 10a, the transparent counter electrode conductive layer 40a, and the transparent 
substrate 50a, respectively. It is the photoelectric cell which was made in order to connect 
this photoelectric conversion element to external load and to do electric work (power 
generation), and it is the photosensor which was made for the purpose of sensing of 
optical information. The case where call a photoelectrochemical cell especially the case 
where the charge transporting material 23 mainly consists of ion transport material 
among photoelectric cells, and power generation by sunlight is made into a key objective 
is called a solar cell. 

[001 l]In the photoelectric conversion element of this invention shown in drawing 1, 
pigment 22 grade is excited, the electron of the high energy in the excited pigment 22 
grade is passed to the conduction band of the semiconductor particulate 21, and the light 
which entered into the photosensitive layer 20 containing the semiconductor particulate 
21 by which sensitization was carried out with the pigment 22 reaches the conductive 
layer 10 by diffusion further. At this time, the molecule of the pigment 22 grade serves as 
an oxidant. In a photoelectric cell, while the electron in the conductive layer 10 works in 
an external circuit, it returns to the oxidant of pigment 22 grade through the counter 
electrode conductive layer 40 and the charge transfer layer 30, and the pigment 22 is 
reproduced. The photosensitive layer 20 works as a negative electrode (optical anode), 
and the counter electrode 40 commits it as a positive electrode. On the limits (for 
example, the limits of the conductive layer 10 and the photosensitive layer 20, limits of 
the photosensitive layer 20 and the charge transfer layer 30, limits of the charge transfer 
layer 30 and the counter electrode conductive layer 40, etc.) of each layer, the 



constituents of each layer may be carrying out diffusive mixing mutually. Each layer is 
explained in detail below. 

[0012](A) A conductive substrate conductive substrate consists of the lamina of (1) 
conductive layer or (2) conductive layers, and two-layer [ of a substrate ]. In the case of 
(1), the material that hardness and sealing performance are fully maintained as a 
conductive layer is used, for example, a metallic material can be used. In the case of (2), 
the substrate which has a conductive layer which contains a conducting agent in the 
photosensitive layer side can be used. As a desirable conducting agent, metal, carbon (for 
example, platinum, gold, silver, copper, zinc, titanium, an aluminium, indium, etc.), or 
conductive metallic oxide (what doped fluorine or antimony to an indium tin multiple 
oxide and tin oxide) is mentioned. As for the thickness of a conductive layer, about 0.02- 
10 micrometers is preferred. 

[00 13] A conductive substrate is so good that surface resistance is low. The range of 
desirable surface resistance is below 50ohms / **, and is below 20ohms / ** still more 
preferably. 

[00 14] As for a conductive substrate, when irradiating with light from the conductive 
substrate side, it is preferred that it is substantially transparent. That it is transparent 
means substantially that the permeability of light is not less than 10%, it is preferred that 
it is not less than 50%, and especially not less than 80% is preferred. 
[00 15] What formed the transparent conductive layer which consists of conductive 
metallic oxide in the surface of transparent substrates, such as glass or plastics, by 
spreading or vacuum evaporation as a transparent conductive base material is preferred. 
A thing desirable as a transparent conductive layer is the tin dioxide or indium tin 
oxidation thing (ITO) which doped fluorine or antimony. A transparent polymer film 
besides glass substrates, such as advantageous soda glass and alkali free glass without the 
influence of alkaline elution, can be used for a transparent substrate in respect of low cost 
and hardness. As a material of a transparent polymer film, tetraacetyl cellulose (TAC), 
Polyethylene terephthalate (PET), polyethylenenaphthalate (PEN), Syndiotactic poly 
sterene (SPS), a polyphenylene sulfide (PPS), There are polycarbonate (PC), polyarylate 
(PAr), polysulfone (PSF), polyester sulfone (PES), polyetherimide (PEI), cyclic 
polyolefin, bromine-ized phenoxy, etc. As for the coverage of conductive metallic oxide, 
in order to secure sufficient transparency, it is preferred to consider it as per [ base 
material lm 2 of glass or plastics / 0.01-100g ]. 

[0016]It is preferred to use a metal lead in order to lower resistance of a transparent 
conductive base material. The quality of the material of a metal lead has preferred metal, 
such as platinum, gold, nickel, titanium, an aluminium, copper, and silver. As for a metal 
lead, it is preferred to install in a transparent substrate by vacuum evaporation, sputtering, 
etc., and to provide on it the transparent conductive layer which consists of conductive tin 
oxide or ITO film. The fall of the incident light quantity by metal lead installation may be 
1 to 5% more preferably less than 10%. 

[0017](B) In order to prevent the short circuit of a counter electrode and a conductive 
substrate in undercoat this invention, it is preferred to paint the thin film layer of a precise 
oxide semiconductor as undercoat on a conductive substrate beforehand. It is the same as 
the semiconductor indicated to the semiconductor particulate explained to next (C) and 
(1) as an oxide semiconductor desirable as undercoat, and the semiconductor of a 
photosensitive layer and a thing of the same kind are preferred. It is specifically Ti0 2 , 



ZnO, SnC>2, Fe 2 03, WO3, and Nb 2 Os preferably, and is Ti02 especially preferably. It can 
form using a method of application, a spray pyrolysis process, a vacuum deposition 
method, a spattering process, the cast method, a spin coat method, dip coating, and an 
electrolytic plating method as a method of producing undercoat. It is a method of 
application and a spray pyrolysis process preferably, and is a spray pyrolysis process 
especially preferably. The binder resin which cannot carry out the trap of the positive 
hole easily if needed when forming with a method of application, The coating solution 
which added additives, such as application-properties improving agents, such as a 
leveling agent and a surface active agent, and dissolved is adjusted, a spin coat method, a 
dip coating method, the air knife coat method, the curtain coat method, the roller coat 
method, the wire bar coat method, and the gravure coating method — or, It can apply by 
methods, such as an extrusion die coating method which uses a hopper given in 
US,2681294,B, and a positive hole transportation layer can be formed. 
[00 18] When TiC>2 undercoat is provided with a spray pyrolysis process, The method of 
blowing off a titanium compound solution to misty state, and providing undercoat on the 
conductive substrate currently heated can be used, and it is indicated to Electrochimica 
Acta, vol40, and No. 5,643-652 page (1995). As a desirable titanium compound in this 
case, titanium tetraethoxide, Titanium tetra isopropoxide, titanium tetrabutoxide, 
Titanium acetylacetonate, di-isopropoxy titanium bisacetylacetonate, It is tetratitanium 
tetrachloride etc., is titanium tetra isopropoxide, titanium acetylacetonate, and di- 
isopropoxy titanium bisacetylacetonate preferably, and is titanium tetra isopropoxide 
especially preferably. These titanium compounds can be used with the solvent which 
dissolves it. Desirable solvents are methanol, ethanol, isopropanol, and acetylacetone, 
and are ethanol, isopropanol, and acetylacetone preferably. These solvents may be mixed 
and used. As concentration of a titanium compound, it is 2 or less mol/1 of 0.05 or more 
mol/1 that it is [ 0.01 or more mol/1 ] 5 or less mol/1 desirable still more preferably, and it 
is 1 mol/1. or less of 0.05 or more mol/1 especially preferably. As a temperature of a 
conductive substrate, not less than 200 ** 600 ** or less is not less than 300 ** 600 ** or 
less desirable still more preferably, and is not less than 350 ** 500 ** or less especially 
preferably. The desirable thickness of undercoat is 5-1000 nm or less, and its 10-500 nm 
is still more preferred. 

[0019](C) In a photosensitive layer photosensitive layer, a semiconductor particulate acts 
as a photo conductor, absorbs light, performs charge separation, and produces an electron 
and a positive hole. In the semiconductor by which dye sensitizing was carried out, the 
development of optical absorption, the electron by this, and a positive hole takes place 
mainly in a pigment, and a semiconductor particulate receives this electron (or positive 
hole), and bears the role to transmit. As for the semiconductor used by this invention, it is 
preferred that it is an n-type semiconductor which gives anodic current by a conductor 
electron serving as a carrier under light excitation. 

[0020](1) An element semiconductor like silicon and germanium as a semiconductor 
particulate semiconductor particulate, the chalcogenide (for example, an oxide and 
sulfide.) of an III-V system compound semiconductor and metal Compounds (for 
example, strontium titanate, calcium titanate, titanium sodium, barium titanate, potassium 
niobate, etc.) etc. which have perovskite structure, such as selenide, can be used. The 
metallic element of these simple substances or a compound is the first main metallic 
element that constitutes a photosensitive layer. 



[0021] As desirable metal being chalcogenide, titanium, tin, zinc, iron, tungsten, 
Zirconium, hafnium, strontium, indium, cerium, The oxide of yttrium, lanthanum, 
vanadium, niobium, or a tantalum, cadmium, zinc, lead, silver, antimony or the sulfide of 
bismuth, cadmium or leaden selenide, telluride of cadmium, etc. are mentioned. As other 
compound semiconductors, the selenide of phosphide, such as zinc, gallium, indium, and 
cadmium, gallium arsenide, or copper-indium, the sulfide of copper-indium, etc. are 
mentioned. 

[0022] [ the desirable example of the semiconductor particulate used for this invention ] 
Si, Ti0 2 , Sn0 2 , Fe 2 0 3 , W0 3 , ZnO, Nb 2 0 5 , CdS, ZnS, PbS, Bi 2 S 3 , CdSe, CdTe, GaP, InP, 
GaAs, CuInS 2 , Are particles, such as CuInSe 2 , and more preferably Ti0 2 , ZnO, Sn0 2 , 
Fe 2 0 3 , W0 3 , or Nb 2 Os, Or it is a titanic acid alkaline earth metal or titanic acid alkali 
metal particles, and is Ti0 2 , ZnO, Sn0 2 , or Nb 2 Os particles especially preferably, and 
they are Ti0 2 particles most preferably. These semiconductors may be used 
independently and may be used as composites (a mixture, a mixed crystal, a solid 
solution, etc.). 

[0023] A single crystal or polycrystal may be sufficient as the semiconductor particulate 
used for this invention. Although the single crystal from a viewpoint of conversion 
efficiency is preferred, from viewpoints of a manufacturing cost, raw-material 
reservation, an energy payback time, etc., polycrystal is preferred and especially the 
porous membrane that consists of semiconductor particulates is preferred. 
[0024] Although the grain size of a semiconductor particulate is generally an order of nm- 
mu m, as for the mean particle diameter of the primary particle for which it asked from 
the diameter when the project area was converted into the circle, it is preferred that it is 5- 
200 nm, and its 8-100 nm is more preferred. It is preferred that the grain with a grain size 
of not less than 10 nm and the grain with a grain size of 10 nm or less are contained in 
this invention. As for the mean particle diameter of the semiconductor particulate 
(aggregated particle) in dispersion liquid, 0.01-30 micrometers is preferred. 
[0025]Two or more kinds of particles from which particle size distribution differs may be 
mixed, and it is preferred that the average size of small grains is 10 nm or less in this 
case. A grain size is big, for example, an about 300-nm semiconductor grain may be 
mixed in order to scatter incident light and to raise an optical capture rate. 
[0026] As a method of producing a semiconductor particulate, Sumio Sakuhana's 
company of the "science of sol-gel method" AGUNE ** style (1998), A sol-gel method 
given in "the thin-layer-coating art by a sol-gel method" (1995), etc. of TECHNICAL 
INFORMATION INSTITUTE, "synthesis of the monodisperse particle by the new 
synthetic process gel method and size form control" of Tadao Sugimoto — wait — 

the 35th volume, No. 9, and the gel method of a 1012-1018 pages (1996) 
description are preferred. The method of producing an oxide for the chloride which 
Degussa developed by high temperature hydrolysis in an acid water matter salt is also 
preferred. 

[0027]When a semiconductor particulate is titanium oxide, each of above-mentioned sol- 
gel methods, gel methods, and high temperature hydrolysis methods in the inside 
of the acid water matter salt of a chloride is preferred, but the sulfuric acid method and 
chlorine method of a description can also be further used for Manabu Seino's "titanium 
oxide physical-properties and applied technology" Gihodo Shuppan (1997). Furthermore, 
as a sol-gel method, the method of the journal OBU American ceramic society of Barbe 



and others, the 80th volume, No. 12, and a 3157-3171 pages (1997) description, The 
method of chemistry OBU MATERIARUZU of Burnside and others, the 10th volume, 
No. 9, and a 2419-2425-page description is also preferred. 

[0028]Although titanium oxide mainly has an anatase type and two kinds of rutile type 
crystal forms, in this invention, its anatase type is preferred. In the case of both mixture, 
the one where an anatase type content is higher is preferred, and it is still more preferred 
that it is not less than 80%. It can ask for an anatase content with an X-ray diffraction 
method, and can ask for it from the ratio of the diffraction peak intensity originating in 
anatase and rutile. 

[0029] (2) In order to apply a semiconductor corpuscle film semiconductor particulate on 
a conductive substrate, the above-mentioned sol-gel method other than the method of 
applying the dispersion liquid or the colloidal solution of a semiconductor particulate on 
a conductive substrate, etc. can also be used. When fertilization of a photoelectric 
conversion element, the physical properties of semiconductor particulate liquid, the 
flexibility of a conductive substrate, etc. are taken into consideration, the wet film 
production method is comparatively advantageous. As the wet film production method, a 
method of application and the printing method are typical. 

[0030] As a dispersion medium, water or various kinds of organic solvents (for example, 
methanol, ethanol, isopropyl alcohol, dichloromethane, acetone, acetonitrile, ethyl 
acetate, etc.) are mentioned. In the case of dispersion, polymer like polyethylene glycol, a 
surface active agent, an acid, or a chelating agent may be used as a dispersing agent if 
needed. Since the semiconductor layer which regulation of the viscosity of dispersion 
liquid is attained and does not separate further easily due to changing the molecular 
weight of polyethylene glycol can be formed or the voidage of a semiconductor layer can 
be controlled, it is preferred to add polyethylene glycol. 

[0031]The layer of a semiconductor particulate can carry out multilayer spreading of the 
dispersion liquid of a semiconductor particulate with which not only a lamina but a grain 
size is different, or can also carry out multilayer spreading of the coating layer containing 
the semiconductor particulate (or a different binder, additive) from which a kind differs. 
Also when thickness is insufficient, multilayer spreading is effective at one-time 
spreading. The extrusion method or the slide hopper method is suitable for multilayer 
spreading. When carrying out multilayer spreading, a multilayer may be applied 
simultaneously, and two coats may be given one by one about ten times from several 
times. If it is two coats further one by one, screen printing can also be used preferably. 
[0032]Since the support pigment quantity per unit project area increases so that the 
thickness (it is the same as the thickness of a photosensitive layer) of a semiconductor 
particle layer generally becomes thick, the capture rate of light becomes high, but since 
the generated diffusion length of electron increases, the loss by charge recombination 
also becomes large. Therefore, the desirable thickness of a semiconductor particle layer is 
0.1-100 micrometers. When using for a solar cell, as for the thickness of a semiconductor 
particle layer, 1-30 micrometers is preferred, and its 2-25 micrometers are more 
preferred. As for the base material lm 2 per coverage of a semiconductor particulate, 0.5- 
lOOg are preferred, and 3-50g are more preferred. 

[0033]While contacting semiconductor particulates electronically after applying a 
semiconductor particulate on a conductive substrate, in order to raise improvement in 
film strength, and adhesion with a base material, it is necessary to calcinate by the 



already described method. Heat-treating as calcination is preferred. It was already said 
that this calcination is performed under existence of the second above mentioned metallic 
element. When using the low base material of a melting point or softening temperature 
like a polymer film, high temperature processing is not preferred in order to cause 
deterioration of a base material. It is preferred that it is low temperature as much as 
possible also from the viewpoint of cost. Low-temperature-izing is possible by exposure 
to an exposure, electric field, or magnetic field of electromagnetic waves, and 
energization, further -- the time of calcination -- concomitant use and the mineral acid of 
a small semiconductor particulate of 5 nm or less - or, It becomes possible still more 
easily by carrying out under the thing coexistence which hydrolyzed completely partially 
the compound containing the alkoxide compound, the halide, or the equivalent 
replaceable group of the metal which constitutes a semiconductor, and polymerized 
completely partially. 

[0034]It is the purpose of increasing the surface area of conductor particles in the second 
half of calcination, or raising the purity near the semiconductor particulate, and raising 
the electron injection efficiency from a pigment to a semiconductor particulate, and 
electrochemical plating treatment using the chemical plating treatment and the titanium 
trichloride aqueous solution using a titanium tetrachloride aqueous solution may be 
performed, for example. 

[0035] As for a semiconductor particulate, what has large surface area is preferred so that 
many pigments can be adsorbed. For this reason, as for the surface area in the state where 
the layer of the semiconductor particulate was applied on the base material, it is preferred 
that they are 10 or more times to a project area, and it is preferred that they are further 
100 or more times. Although this maximum does not have restriction in particular, they 
are usually about 1000 times. 

[0036] (3) The sensitizing dye used for a pigment photosensitive layer has absorption in a 
visible range or a near- infrared region, if it is a compound which can carry out 
sensitization of the semiconductor, it can be arbitrarily used for it, but an organometallic 
complex pigment, a methine pigment, a porphyrin system pigment, or a phthalocyanine 
system pigment is preferred. Since the wavelength band of photoelectric conversion is 
made large as much as possible and conversion efficiency is raised, two or more kinds of 
pigments can be used together or mixed. In this case, the pigment used together or mixed 
and its rate can be chosen so that it may double with the target wavelength band and 
intensity distribution of a light source. 

[0037] As for such a pigment, it is preferred to have the suitable bond groups 
(interlocking group) which has adsorption capability to the surface of a semiconductor 
particulate. An acidic group like a COOH group, OH group, an SO3H group, a -P(O) 
(OH) 2 group, or a -OP(O) (OH) 2 group as desirable bond groups, Or the chelation group 
which has pi conductivity like oxime, dioxime, hydroxyquinoline, salicylate, or an alpha- 
ketoeno rate is mentioned. A COOH group, a -P(O) (OH) 2 group, or especially a -OP(O) 
(OH) 2 group is especially preferred. These groups may form the alkali metal etc. and the 
salt, and may form inner salt. If an acidic group is contained like [ in case a methine chain 
forms a squarylium ring and a crocodile NIUMU ring ] in the case of a poly methine 
pigment, it will be good also considering this portion as bond groups. 
[0038]Hereafter, the desirable sensitizing dye used for a photosensitive layer is explained 
concretely. 



(a) When organometallic complex pigment color matter is metal complex coloring 
matter, a metal-phthalocyanines pigment, a metalloporphyrin pigment, or a ruthenium 
complex pigment is preferred, and especially a ruthenium complex pigment is preferred. 
As a ruthenium complex pigment, for example A U.S. Pat. No. 4927721 item, said 
4684537 No., The complex pigment of a description is mentioned to said 5084365 No., 
said 5350644 No., said 5463057 No., said 5525440 No., JP,H7-249790,A, Patent 
Publication Heisei No. 504512 [ ten to ], WO 98/No. 50393, JP,2000-26487,A, etc. 
[0039]Furthermore, the above-mentioned ruthenium complex pigment is following 
general formula (I):(Ai) pRu (B-a) (B-b) (B-c).... General formula (I) 
It is preferred for it to be alike and to be expressed more. Ai has the preferred ligand 
chosen from the group which expresses the ligand of 1 or 2 seats and consists of a 
derivative of CI, SCN, H 2 0, Br, I, CN, NCO, SeCN and beta-diketones, oxalic acid, and 
dithiocarbamic acid among general formula (I), p is an integer of 0-3. B-a, B-b, and B-c 
are the following formulas B-l to B-10 independently, respectively. : [0040] 
[Chemical formula 1] 




[0041] (If a hydrogen atom or a substituent is expressed and it is considered as a 
substituent.) [ among the above-mentioned formula ] [ Ra ] The alkyl group which is not 
substituted [ the substitution of a halogen atom and the numbers of carbon atoms 1-12, or 



], The aryl group which is not substituted [ the substitution of the aralkyl group which is 
not substituted / the substitution of the numbers of carbon atoms 7-12, or /, or the 
numbers of carbon atoms 6-12, or ], A carboxylic acid group and a phosphate group (the 
acid radical of these may form the salt) are mentioned, Straight chain shape or branched 
state may be sufficient as the alkyl portions of an alkyl group and an aralkyl group, and a 
monocycle or polycyclic (condensed ring, ring set) may be sufficient as the aryl portions 
of an aryl group and an aralkyl group. The organic ligand chosen from the compound 
expressed is expressed. B-a, B-b, and B-c may be the same, or may differ from each 
other, and any one or two may be sufficient as them. 

[0042]Although the desirable example of an organometallic complex pigment is shown 



below, this invention is not limited to these. 
[0043] 

[Chemical formula 2] 


No. 


A, 


P 


B-a 


B-b 


B-c 


Ra 


R-1 


SCN 


2 


BH 


B-1 






R-2 


CN 


2 


B-1 


B-1 






R-3 


CI 


2 


B-1 


B-1 






R-4 


CN 


2 


B-7 


B-7 






R-5 


SCN 


2 


B-7 


B-7 






R-6 


SCN 


2 


B-1 


B-2 




H 


R-7 


SCN 


1 


B-1 


B-3 






R-8 


CI 


1 


B-1 


B-4 




H 


R-9 


I 


2 


B-1 


B-5 




H 


R-10 


SCN 


3 


B-8 








R-1 1 


CN 


3 


B-3 








R-1 2 


SCN 


1 


B-8 


B-2 




H 


R-1 3 




0 


B-1 


B-1 


B-1 





[0044] 

[Chemical formula 3] 
R-14 




[0045] 



[Chemical formula 4] 




COOH COOH COOH COOH 




[0046] 

[Chemical formula 5] 




[0047] (b) The methine pigments with a preferred pigment used for methine pigment this 
invention are poly methine pigments, such as cyanine dye, merocyanine dye, and a 
SUKUWARIRIUMU pigment. [ the example of the poly methine pigment preferably 
used by this invention ] JP,H11-35836,A, JP,H11-67285,A, JP,H11-86916,A, They are 
JP,H11-97725,A, JP,H11-158395,A, JP,H11-163378,A, JP,H11-214730,A, JP,H11- 
214731,A, JP,H1 1-238905,A, European patent No. 89241 1, and a pigment given in each 
the 911841 No. Description. 

[0048] (4) In order to make a pigment stick to the adsorption semiconductor particulate of 
the pigment to a semiconductor particulate, the method of immersing the conductive 
substrate which has the semiconductor particle layer dry well in the solution of a 
pigment, or applying the solution of a pigment to a semiconductor particle layer can be 
used. In the case of the former, it is usable in dip coating, a dip method, the roller 
method, the air knife method, etc. In the case of dip coating, adsorption of a pigment may 



be performed at a room temperature, and it may carry out by carrying out heating flowing 
back as indicated to JP,H7-249790,A. Latter coating methods include the wire bar 
method, the slide hopper method, the extrusion method, the curtain method, spin method, 
a spray method, etc. one desirable as a solvent which dissolves a pigment -- alcohols 
(methanol.) nitrile (acetonitrile.), such as ethanol, t-butanol, and benzyl alcohol 
Nitromethanes, such as propionitrile and 3-methoxy propionitrile, halogenated 
hydrocarbon (dichloromethane, dichloroethane, and chloroform.) Ether, such as 
chlorobenzene (diethylether, tetrahydrofuran, etc.), dimethyl sulfoxide and amide (N, N 
dimethylformamide.) N-methyl pyrrolidone, such as N,N-dimethyl acetamido, 1,3- 
dimethylimidazolidinone, 3-methyl oxazolidinone, ester species (ethyl acetate, butyl 
acetate, etc.), Carbonate, ketone (diethyl carbonate, ethylene carbonate, propylene 
carbonate, etc.), hydrocarbons (acetone, 2-butanone, cyclohexanone, etc.) (hexane, light 
petroleum, benzene, toluene, etc.), and these mixed solvents are mentioned. 
[0049] All the amounts of adsorption of a pigment have preferred per [ unit surface area 
(lm 2 ) / 0.01 ] - lOOmmol of a porosity semiconductor electrode board. As for the amount 
of adsorption to the semiconductor particulate of a pigment, it is preferred that it is the 
range of per [ semiconductor particulate lg / 0.01 ] - lmmol. The sensitization effect in a 
semiconductor is fully acquired by considering it as the amount of adsorption of such a 
pigment. On the other hand, if there are too few pigments, the sensitization effect will 
become insufficient, and if there are too many pigments, the pigment which has not 
adhered to a semiconductor will float, and it becomes the cause of reducing the 
sensitization effect. In order to increase the amount of adsorption of a pigment, heat- 
treating before adsorption is preferred. After heat-treatment, in order to avoid that water 
sticks to the semiconductor particulate surface, it is preferred to make a pigment adsorb 
quickly among 40-80 **, without returning to ordinary temperature. A colorless 
compound may be added to a pigment and coadsorption may be carried out to a 
semiconductor particulate in order to reduce interactions, such as condensation between 
pigments. The effective compound for this purpose is a compound with surface activity 
character and structure, for example, the steroid compound (for example, 
chenodexycholic acid) which has a carboxyl group, and the surface active agent of 
sulfonate are mentioned. 

[0050] As for an unadsorbed pigment, it is preferred that washing removes promptly after 
adsorption. It is preferred that use a wet cleaning tank and an organic solvent like polar 
solvents, such as acetonitrile, and an alcohols solvent washes. After adsorbing a pigment, 
amines may be used and the surface of a semiconductor particulate may be processed. As 
desirable amines, pyridine, 4-t-butyl pyridine, polyvinyl pyridine, etc. are mentioned. 
When these are fluids, it may use as it is, and it may dissolve and use for an organic 
solvent. 

[0051](D) A charge transfer layer charge transfer layer is a layer containing the charge 
transporting material which has the function to supplement the oxidant of a pigment with 
an electron. [ as an example of the typical charge transporting material which can be used 
by this invention ] ** The solution (electrolyte) which the ion of the oxidation reduction 
pair dissolved as an ion transport material, what is called a gel electrolyte with which the 
gel of the polymer matrix was impregnated in the solution of the oxidation reduction pair, 
the fused salt electrolyte containing a oxidation reduction counter ion, and also a solid 
electrolyte are mentioned. Carrier movement in ** solid other than the charge 



transporting material in which an ion is concerned can also use an electron transport 
material and positive hole (hole) transportation material as a material in connection with 
electric conduction. 

[0052](1) The fused salt electrolyte used for a fused salt electrolyte charge transfer layer 
is preferred especially from a viewpoint of coexistence of photoelectric conversion 
efficiency and endurance. The electrolyte which contains known iodine salt, such as 
pyridinium salt, imidazolium salt, a triazolium salt, etc. which are indicated, for example 
to WO 95/No. 18456, JP,H8-259543,A, Electrochemistry Sub-Division, the 65th volume, 
No. 11, 923 pages (1997), etc., as a fused salt electrolyte can be mentioned. The ordinary- 
temperature-molten-salt electrolyte which is in a molten state near a room temperature 
especially is preferred. 

[0053] As a fused salt which can be used preferably, what is expressed by either a 

following general formula (Y-a), (Y-b) and (Y-c) is mentioned. 

[0054] 

[Chemical formula 6] 

f y1> \ Ryl Ry1^/Ry2 

V Ry2-A y; ^-R y4 I" Ry6 ^ X ^Rya r 
I | N N 

(Y-a) (Y-b) (Y-c) 

[0055] Qyi expresses the atomic group who can form the aromatic cation of 5 or 6 
membered-rings with a nitrogen atom among a general formula (Y-a). As for Qyi, it is 
preferred to be constituted by one or more sorts of atoms chosen from the group which 
consists of a carbon atom, a hydrogen atom, a nitrogen atom, an oxygen atom, and a 
sulfur atom. More the five-membered ring formed, without Qyi An oxazole ring, a 
thiazole ring, An imidazole ring, a pyrazole ring, an isoxazol ring, a thiadiazole ring, It is 
preferred that they are an oxadiazole ring or a triazole ring, it is more preferred that they 
are an oxazole ring, a thiazole ring, or an imidazole ring, and it is preferred that they are 
especially an oxazole ring or an imidazole ring. As for six membered-rings formed of 
Qyi, it is preferred that they are a pyridine ring, a pyrimidine ring, a pyridazine ring, a 
pyrazine ring, or a triazine ring, and it is more preferred that it is a pyridine ring. 
[0056] Ayi expresses a nitrogen atom or a phosphorus atom among a general formula (Y- 
b). 

[0057] [ a general formula (Y-a), (Y-b) and (Y-c) inner Ryi - Ry 6 ] It is an alkyl group 
(even if it is the numbers of carbon atoms 1-24 and straight chain shape preferably and is 
branched state) which is not substituted [ substitution or ] independently, respectively. 
May be a ring type and For example, a methyl group, an ethyl group, a propyl group, An 
isopropyl group, a pentyl group, a hexyl group, an octyl group, a 2-ethylhexyl group, t- 
octyl group, a decyl group, dodecyl, a tetradecyl group, 2-hexyldecyl group, Alkenyl 
groups which are not substituted [ substitution or ], such as an octadecyl group, a 
cyclohexyl group, and a cyclopentylic group (it may be the numbers of carbon atoms 2- 
24 and straight chain shape preferably, or may be branched state, and) For example, a 
vinyl group, an allyl group, etc. are expressed, and it is an alkyl group of the numbers of 
carbon atoms 2-18, or an alkenyl group of the numbers of carbon atoms 2-18 more 
preferably, and is an alkyl group of the numbers of carbon atoms 2-6 especially 



preferably. 

[0058]Among Ryi in a general formula (Y-b) - Ry 4 , the non-aromatic ring in which two 
or more connect with mutually and they contain Ayi may be formed, among Ryi in a 
general formula (Y-c) - Ry6, two or more may connect mutually and they may form a 
ring system. 

[0059] [ a general formula (Y-a), (Y-b), inner Qyi and Ryi - Rye ] May have a substituent 
and, [ as an example of a desirable substituent ] halogen atoms (F, CI, Br, I, etc.), a cyano 
group, and an alkoxy group (a methoxy group.) aryloxy groups (phenoxy group etc.), 
such as an ethoxy group, and an alkylthio group (a methylthio group.) Alkoxycarbonyl 
groups, such as an ethyl thio group (ethoxycarbonyl group etc.), carbonate groups 
(ethoxycarbonyloxy group etc.) and an acyl group (an acetyl group.) sulfonyl groups (a 
methane sulfonyl group.), such as a propionyl group and benzoyl Acyloxy groups, such 
as a benzenesulfonyl group (an acetoxy group, a benzoyloxy group, etc.), A sulfonyloxy 
group (a methane sulfonyloxy group, a toluenesulfonyloxy group, etc.), phosphonyl 
groups (diethyl phosphonyl group etc.) and an amide group (an acetylamino group.) 
Carbamoyl groups, such as a benzoylamino group (N and N-dimethylcarbamoyl group 
etc.), alkyl groups (a methyl group, an ethyl group, a propyl group, an isopropyl group, a 
cyclo propyl group, a butyl group, a 2-carboxyethyl group, benzyl, etc.), aryl groups (a 
phenyl group, a toluyl group, etc.), and a heterocycle group (a pyridyl group.) Alkenyl 
groups (a vinyl group, 1-propenyl group, etc.), such as an imidazolyl group and a furanyl 
group, etc. are mentioned. 

[0060]The compound expressed by a general formula (Y-a), (Y-b), or (Y-c) may form a 
polymer via Qyi or Ryi - Rye. 

[0061]These fused salts can also be used together with the fused salt which could use it 
alone, or could use it having mixed two or more sorts and which replaced the iodine 
anion with other anions. [ as an iodine anion and an anion to replace ] Halide ion, NSC 
(CI" , Br " , etc.), BF 4 " , PF 6 " , C10 4 " , (CF 3 S0 2 ) 2 N " , (cf3cf2so2) 2 N " , CF3SO3 " , CF 3 COO " , 
Ph 4 B " , and (CF3S02) 3C " etc. are mentioned as a desirable example — (CF3so2)2N " — or BF 4 " 
— it is — a thing is more preferred. Other iodine salt, such as Lil, can also be added. 
[0062] Although the example of the fused salt preferably used by this invention is given to 
below, it is not necessarily limited to these. 
[0063] 

[Chemical formula 7] 



(YD 



"N+ 
I 

C 9 H 17 {n) 



Y1-1 X-l 
Y1-2 X=SF 4 
Y1-3 X=N(S02CF 3 ) 2 
Y1-4 X=PF 6 



(Y2) 



N + 
I 

Ci2H2s(n) 



Y2-1 X=l 
Y2-2 X=BF 4 
Y2-3 X=N(S0 2 CF 3 ) 2 
Y2-4 X=PF 6 



(Y3) 



(Y4) 



(Y5) 



(Y6) 



N+ CH 3 
C 4 H 9 (n) 

I 

CH 2 CN 



a 



CH 2 CN 
X" 



N + 
I 

C4H 9 (n) 



^^,COOC 2 H 5 

Q * 

! 

C 4 H 9 (n) 



Y3-1 X=l 

Y3-2 X=BF 4 

Y3-3 X=N{S02CF 3 ) 2 



Y4-1 X=l 

Y4-2 X=BF 4 

Y4-3 X=N(S0 2 CF 3 ) 2 



Y5-1 X=f 

Y5-2 X=BF 4 

Y5-3 X=N(S0 2 CF 3 ) 2 



Y6-1 X=l 

Y6-2 X=BF 4 

Y6-3 X=N(S02CF 3 ) 2 



[0064] 

[Chemical formula 8] 



CY7) 



(Y8) 



/==\ Y7-1 X=l 

CH 3 - N ^ N -c 2 H 5 X " Y7" 2 X=BF 4 

2 Y7-3 X=N(S02CF 3 ) 2 

Y7-4 X=Br 

f=\ Y8-1 X=l 

CH 3 - N ^ N+ -C 4 H 9 (n) X " Y8 - 2X = BF ^ 

YB-3 X=N(SO a CF3) 2 



(Y9) 



f=\ 4 Y9-1 X=l 

CH 3 



Y9-3 X=N(SOeCF 3 ) 2 



(Y10) 



-N^N^ X Y10-2 X=BF 4 

CH 2 =CH C 4 H 9 (n) 



Y10-1 X=l 
Y10-2 X=B 
Y10-3 X=N(S0 2 CF 3 ) 2 



(Y11) 



CH 3 Y11-1 X=l 

/={ + X" Y11-2 X=BF 4 
°Y N ^C 6 H 13 (n) Y11-3 X=N(S0 2 CF 3 ) 2 

CH 3 



(Y12) 



CH 3 

^ V Y12-2X=BF 4 



Y12-1 X=l 
Y12-2 X=B 
C 6 H 13 {n) Y12-3 X=N(S0 2 CF 3 ) 2 



[0065] 

[Chemical formula 9] 



<,13 > X- X- V13-1X-, 

/— \ + + /=\ Y13-2 X=BF 4 

(n)C 4 H 9 " N ^ N ^(CH 2 ) 6 '' N ^' N ^c 4 H 9 (n) Y13 " 3 X=N(S0 2 CF 3 ) 2 



(Y14) 



f~\ Y14-1 X=l 

x _ Y14-2 X=BF 4 



CH 3 " N ^ N -C 4 H 9 (n) 



Y14-3 X=N(SO^CF3) 2 



(V15) 



/=\ + Y15-1 X=l 

a N+ ^C 6 H 13 (n) X " Y15-2X=BF 4 
Y15-3 X=N(S0 2 CF 3 ) 2 



(Y16) 

X" X" Y16-1 X=l 

CHa—f N— (CH^e— V__VcH 3 Y16-2 X=BF 4 

\=/ \==/ Y16 3 X=N(S02CF3 ) 2 

(Y17) 

X" X" Y17- 1 X=l 

CH 3 - N \ — (CH 2 )6 — <y N~" CH 3 Y17-2 X=BF 4 

\=/ \=/ Y17 _ 3 X=N£S02CF3 ) 2 



[0066] 

[Chemical formula 10] 



(Y18) 



CHoCHq 
CH 3 CH 2 — N— C 4 H 9 (n) 



CH2CH3 



(Y19) 



CH2CH3 



CH 3 — N— (CHaCHaOJaCHa ' 

CH2CH3 

(Y20) 

(CH 2 CH20)2CH3 
CH 3 (OCH 2 CH2) 2 — N — (CH 2 CH 2 0) 2 CH 3 
X" (CH 2 CH20)2CH 3 



(i)? 3 H 7 



(Y21) 



(i)C 3 H 7 — N— CH 2 CH 3 a 
CH 3 

(Y22) 

CH2CH3 

CH 3 CH 2 — N— CH 2 CH 2 0-^^> X 



I 

CH2CH3 



(Y23) 



Q 



C 4 H 9 (n) 



Y18-1 X=l 
Y18-2 X=BF 4 
Y18-3 X=N(S02CF 3 ) 2 
Y18-4 X=PF 6 

Y19-1 X=l 
Y19-2 X=BF 4 
Y19-3 X=N(S02CF 3 ) 2 



Y20-1 X=l 

Y20-2 X=BF 4 

Y20-3 X=N(S0 2 CF 3 ) 2 

Y21-1 X=l 

Y21-2 X=BF 4 

Y21-3 X=N(S0 2 CF 3 ) 2 



Y22-1 X=l 
Y22-2 X=BF 4 
Y22-3 X=N(S0 2 CF 3 ) 2 

Y23-1 X=l 
Y23-2 X=BF 4 
Y23-3 X=N(S0 2 CF 3 }2 



CY24) 



CH a 



^C 4 H 9 (n) 



Y24-1 X=l 
Y24-2 X=BF 4 
Y24-3 X=N(S0 2 CF 3 )2 



[0067] 

[Chemical formula 11] 



(Y25) 



C 4 H 9 (n) 
-p-C 4 H 9 (n) 
C 4 H 9 (n) 



(Y25) 



Y25-1 X=l 
Y25-2 X=BF 4 
Y25-3 X=NCS02CF 3 ) 2 



; 7 

CH 3 CH 2 (OCH 2 CH2)2 (CH 2 CH 2 0)2CH 2 CH3 



Y26-1 X=l 
Y26-2 X-BF 4 
Y26-3 X=N(S02CF 3 ) 2 



(Y27) 



0) 



,- Y27-1 X=l 



*( + Y27-2 X=BF 4 

(CHaCHaOJaOCHaCHa Y27-3 X=N(S02CF 3 ) 2 



(Y28) 



CH 3 



0^ x- 



CH 3 



Y28-1 X=l 
Y28-2 X=BF 4 
Y28-3 X=N(S0 2 CF 3 ) 2 



[0068] 

[Chemical formula 12] 



(Y29) 

N 



^Et Y29-1 X=l 



Me. X .Me X' Y ^ 2 X=N(S0 2 CF 3 ) 2 
N N Y29-3 X=BF 4 

Me Me Y29-4X=PF 6 



(Y30) 



+.Bu(n) Y30-1 X=l 

Me. X .Ma X- V30-2 X=N(S0 2 CF 3 ) 2 
N N Y30-3 X=BF 4 

Me Me Y30-4 X=CF 3 S0 3 



(V31) 

Y31-1 X=l 

H^^CHaCH^CHg y31 _ 2 X=N(S02CF3)2 

Me. A .Me X" *31-3 X=BF 4 

N N 
I I 
Me Me 



(Y32) 



Me^ +.Et Y32-1 X=l 

Me. X .Me X" X=N(S0 2 CF 3 ) 2 
N N Y32-3 X=BF 4 

I I 
Me Me 



[0069] 

[Chemical formula 13] 



(Y33) 

CHg-fOCHaCH^ ^/(CHaCHaO^-CHa 

N N 

I t 
Me Me 

o 

N 

K X ^Me X" 
N N 
I I 
Me Me 



(Y34) 



(Y35) 



c 



+/(CH 2 CH2C>^- CH 3 



Y33-1 X=l 

Y33-2 X=N(S0 2 CF 3 ) 2 
Y33-3 X=BF 4 



Y34-1 X=l 

Y34-2 X=N{S02CF 3 ) 2 
Y34-3 X=BF 4 



Y35-1 X-l 

Y35-2 X=N{S0 2 CF 3 ) 2 
Y35-3 X=BF 4 



(Y36) 



(n)Bu x + ^ 
N 

Me^ X 
N N 

i I 

Me Me 



Mb. 



N' 



Bij(n) 
Me 



Me Me 
Y36-1 X=l 

Y36-2 X=N(S0 2 CF3)2 
Y36-3 X=BF 4 



[0070]It is more desirable for what is a molten state at ordinary temperature to be 
preferred as for the above-mentioned fused salt electrolyte, and not to use a solvent. 
Although the solvent mentioned later may be added, as for the content of a fused salt, it is 
preferred that it is more than 50 mass % to the whole electrolyte composition, and it is 
preferred that it is especially more than 90 mass %. It is preferred that more than 50 mass 
% is iodine salt among salts. 

[0071]It is preferred to add iodine to an electrolyte composition, as for the content of 
iodine, it is preferred that it is [ as opposed to / the whole electrolyte composition / in this 
case ] 0.1 to 20 mass %, and it is more preferred that it is 0.5 to 5 mass %. 
[0072] (2) As for an electrolyte, when using an electrolyte for an electrolyte charge 
transfer layer, it is preferred to comprise an electrolyte, a solvent, and an additive. The 
electrolyte of this invention is the combination () of I 2 and iodide. [ as iodide ] [ Lil and ] 
Metal iodides, such as Nal, KI, Csl, and Cal 2 , or tetra alkylammonium iodide, The iodine 
salt of the 4th class ammonium compounds, such as pyridinium iodide and imidazolium 
iodide, etc., Combination of Br 2 and a bromide () [ as a bromide ] [ LiBr, NaBr and ] 
Metal bromides, such as KBr, CsBr, and CaBr 2 , or a tetra alkylammonium star's picture, 
The others which are the bromine salt of the 4th class ammonium compounds, such as a 
pyridinium star's picture, etc., Sulfur compounds, such as metal complexes, such as a 



ferrocyanic acid salt-ferricyanic acid salt and ferrocene ferricinium ion, polysodium 
sulfide, and alkyl thiol alkyl disulfide, a viologen pigment, hydroquinone quinone, etc. 
can be used. The electrolyte which combined the iodine salt of the 4th class ammonium 
compounds, such as I2, Lil, pyridinium iodide, imidazolium iodide, also in this is 
preferred. The electrolyte mentioned above may be mixed and used. 
[0073]Desirable electrolytic concentration is less than more than 0.1M15M, and is less 
than more than 0.2M10M still more preferably. The addition concentration of desirable 
iodine in the case of adding iodine to an electrolyte is less than more than 0.01M0.5M. 
[0074]As for the solvent used for an electrolyte, it is desirable for permittivity to be high 
in improving ionic mobility low, and for viscosity to be a compound which improves 
effective-carriers concentration and can reveal the outstanding ion conductivity. As such 
a solvent, carbonate compounds, such as ethylene carbonate and propylene carbonate, 
Heterocyclic compounds, such as 3-methyl-2-oxazolidinone, dioxane, Ether compounds, 
such as diethylether, ethylene glycol dialkyl ether, Propylene glycol dialkyl ether, 
polyethylene glycol dialkyl ether, Catenoid ether, such as polypropylene glycol dialkyl 
ether, Methanol, ethanol, ethylene glycol monoalkyl ether, Propylene glycol monoalkyl 
ether, polyethylene glycol monoalkyl ether, Alcohols, such as polypropylene glycol 
monoalkyl ether, Ethylene glycol, propylene glycol, polyethylene glycol, The polyhydric 
alcohol class of polypropylene glycol, glycerol, etc., acetonitrile, Aprotic polar 
substances, such as nitryl compounds, such as guru TAROJI nitrile, methoxy acetonitrile, 
propionitrile, and benzonitrile, dimethyl sulfoxide, and sulfolane, water, etc. can be used. 
[0075] At this invention, it is J. Am. Ceram. Soc. and 80. (12) Basic compounds, such as 
tert-butyl pyridine which is indicated to 3157-3171 (1997), 2-picoline, 2,6-lutidine, can 
also be added. The desirable density range in the case of adding a basic compound is less 
than more than 0.05M2M. 

[0076] (3) It can also be used in gel electrolyte this invention, making an electrolyte able 
to gel with techniques, such as polymer addition, oil gelatinizing agent addition, a 
polymerization containing polyfunctional monomer, and crosslinking reaction of polymer 
(solidification). When making it gel by polymer addition, it is "Polymer Electrolyte 
Reviews- 1 and 2 (J.). [ R.MacCallum and C.A. Vincent ] [jointly and ] Although the 
compound indicated to ELSEVIER APPLIED SCIENCE" can be used, especially 
polyacrylonitrile and polyvinylidene fluoride can be used preferably. With oil 
gelatinizing agent addition. It is J. Chem Soc. Japan, Ind. Chem.Sec, 46,77 9(1943), J. 
Am. Chem. Soc, 111,5542(1989), J. Chem. Soc, Chem. Com when making it gel. mun., 
1993, 390, Angew. Chem. Int. Ed. Engl, 35-1949 (1996), Although Chem. Lett., 1996, 
885, J. Chm. Soc, Chem. Commun., 1997, and the compound indicated to 545 can be 
used, a desirable compound is a compound which has amide structure in molecular 
structure. 

[0077]When making an electrolyte gel by the crosslinking reaction of polymer, it is 
desirable to use together polymer and the cross linking agent containing the reactive 
group which can construct a bridge. The reactive group in which desirable bridge 
formation is possible In this case, nitrogen-containing heterocycle. Are (for example, a 
pyridine ring, an imidazole ring, a thiazole ring, an oxazole ring, a triazole ring, a 
morpholine ring, a piperidine ring, a piperazine ring, etc.), and, [ a desirable cross linking 
agent ] They are the reagents (for example, alkyl halide, aralkyl halide, sulfonate, acid 
anhydride, acid chloride, an isocyanate, etc.) of two or more organic functions in which 



an electrophilic reaction is possible to a nitrogen atom. 

[0078](4) In hole transporting material this invention, the hole transporting material of 
the solid which combined organicity, inorganic matter, or these both can be used instead 
of ion-conductive electrolytes, such as a fused salt. 

(a), [ as an organic hole transporting material applicable to organic hole transporting 
material this invention ] J. Hagen et al, Synthetic Metal 89 (1997) 215-220, Nature, 
Vol.395, 8 Oct. 1998, p583-585 and WO97/10617, JP,S59-194393,A, JP,H5-234681,A, 
US,4,923,774,B, JP,H4-308688,A, US,4,764,625,B, JP,H3-269084,A, JP,H4- 129271, A, 
JP,H4-175395,A, JP,H4-264189,A, JP,H4-290851,A, JP,H4-364153,A, JP,H5-25473,A, 
JP,H5-239455,A, JP,H5-320634,A, JP,H6-1972,A, JP,H7-138562,A, JP,H7-252474,A, 
The triphenylene derivatives of a description can be preferably used for aromatic amine, 
JP,H11-149821,A, JP,H11-148067,A, JP,H11-176489,A, etc. which are shown in 
JP,H11-144773,A etc. .Adv. Mater. 1997, 9, N0.7, p557, Angew. Chem. Int. Ed. Engl. 
1995, 34, No.3, and p303-307, JACS, Voll20, NO.4-1998, the oligo thiophene compound 
indicated in the p664-672 grade, K. Polypyrrole given in Murakoshi et al.,;Chem. Lett. 
1997, and p471, ' — 'Handbook of Organic Conductive Molecules and Polymers Vol. 1,2,3 
and 4 (NALWA work.) The polyacethylene indicated to WILEY publication", and its 
derivative, Poly (p-phenylene) and its derivative, poly (p-phenylenevinylene), and its 
derivative, Conductive polymers, such as poly thienylene vinylene and its derivative, 
polythiophene and its derivative, poly aniline and its derivative, polytoluidine, and its 
derivative, can be used preferably. 

[0079](b) A p type inorganic compound semiconductor can be used as an inorganic hole 
transporting material inorganic matter hole transporting material. As for the p type 
inorganic compound semiconductor of this purpose, it is preferred that a band gap is not 
less than 2 eV, and it is preferred that it is not less than 2.5 more eV. The ionization 
potential of a p type inorganic compound semiconductor needs to be smaller than the 
ionization potential of conditions to the pigment adsorption electrode which can return 
the positive hole of a pigment. Although the range where the ionization potential of a p 
type inorganic compound semiconductor is preferred changes with pigments to be used, 
generally it is preferred that it is [ not less than 4.5 eV ] 5.5 eV or less, and it is preferred 
that it is [ not less than 4.7 more eV ] 5.3 eV or less. A desirable p type inorganic 
compound semiconductor is a compound semiconductor containing copper of 
monovalence, As an example of the compound semiconductor containing copper of 
monovalence, Cul, CuSCN, CuInSe 2 , Cu(In, Ga) Se 2 , CuGaSe 2 , Cu 2 0, CuS, CuGaS 2 , 
CuInS 2 , CuAlSe 2 , etc. are mentioned. Also in this, Cul and CuSCN are preferred and Cul 
is the most preferred. As other p type inorganic compound semiconductors, GaP, NiO, 
CoO, FeO, Bi 2 03, Mo0 2 , Cr 2 03, etc. can be used. As for the desirable Hall mobility of 
the charge transfer layer containing a p type inorganic compound semiconductor, more 
than 10" 4 cm 2 /V-sec is below 10 4 cm 2 /V-sec, and more than 10" 3 cm 2 /V-sec is below 
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10 cm /V-sec still more preferably. The desirable electric conductivity of a charge 
transfer layer of more than 10~ 8 S/cm is below 10 2 S/cm, and more than 10~ 6 S/cmis 10 or 
less S/cm still more preferably. 

[0080]The positive hole transportation layer of this invention can perform acceptor 
doping, and it can also perform improving carrier concentration and electric conductivity 
if needed. [ being preferably used as a dopant of this invention ] Iodine, tris (4- 
bromophenyl) aminium hexachloro antimonate, NOPF 6 , SbCls, I 2 , Br 2 , HC10 4 , (n-C 4 H 9 ) 



4CIO4, trifluoroacetic acid, 4-dodecylbenzenesulfonic acid, 1-naphthalenesulfonic acid, 
FeCl 3 , Although it is A11CI3, NOSbF 6 , AsF 5 , NOBF 4 , LiBF 4 , H 3 [PM012O40], Li 
[(CF3SO2) 2N], 7,7,8, 8-tetracyanoquinodimethane (TCNQ), and fulleren C60 grade, It is 
not limited to this. As for the desirable loadings in the case of adding a dopant, more than 
0.0001 mass % is less than 5 mass % to a compound semiconductor, and, in the still more 
desirable range, more than 0.001 mass % is less than 3 mass %. 

[0081](5) About the formation method of the formation charge transfer layer of a charge 
transfer layer, two kinds of methods are employable. One pastes the counter electrode 
together previously on the photosensitive layer, and it is the method of putting a liquefied 
charge transfer layer between the gap. Another is the method of giving a charge transfer 
layer directly on a photosensitive layer, and a counter electrode will be given after that. 
[0082]In the case of the former, the ordinary pressure process of using the capillarity by 
immersion etc. as how to put a charge transfer layer, or the vacuum process of using a 
pressure lower than ordinary pressure and substituting the gaseous phase of a gap by the 
liquid phase can be used. 

[0083]In the case of the latter, in a wet charge transfer layer, while it has been green, a 
counter electrode will be given, and the liquid disclosure preventive measure of an edge 
part will be given. There is the method of applying by a wet type in the case of a gel 
electrolyte, and solidifying by methods, such as a polymerization, and a counter electrode 
can also be given after drying and fixing in that case. As a method of giving a wet 
organicity hole transporting material besides an electrolyte, and a gel electrolyte, the 
same method as the above-mentioned semiconductor particle layer or grant of a pigment 
can be used. 

[0084]In the case of the positive hole (hole) transportation material of a solid electrolyte 
or a solid, a charge transfer layer can be formed by dry membrane formation treatment of 
a vacuum deposition method, a CVD method, etc., and a counter electrode can also be 
given after that. An organic hole transporting material can be introduced into the inside of 
an electrode with techniques, such as a vacuum deposition method, the cast method, a 
method of application, a spin coat method, dip coating, an electrolytic polymerization 
method, and photoelectrical depolymerization method. Also in an inorganic solid 
compound, it can introduce into the inside of an electrode with techniques, such as the 
cast method, a method of application, a spin coat method, dip coating, and an electrolytic 
plating method. 

[0085]The desirable thickness of the charge transfer layer of the photoelectric conversion 
element of this invention is 0.005 micrometers or more less than 100 micrometers on the 
semiconductor particulate contained layer which adsorbed the pigment, is 0.01 
micrometers or more less than 70 micrometers still more preferably, and is 0.05 
micrometers or more less than 50 micrometers especially preferably. 
[0086] (E) Like the aforementioned conductive substrate, the layer structure of the counter 
electrode conductive layer which consists of conductive materials may be sufficient as a 
counter electrode counter electrode, and it may comprise a counter electrode conductive 
layer and a supporting board. As electric conduction material used for a counter electrode 
conductive layer, metal, carbon (for example, platinum, gold, silver, copper, an 
aluminium, magnesium, indium, etc.), or conductive metallic oxide (an indium tin 
multiple oxide, fluorine dope tin oxide, etc.) is mentioned. Also in this, platinum, gold, 
silver, copper, an aluminium, and magnesium can be preferably used as a counter 



electrode layer. The example of the desirable supporting board of a counter electrode is 
glass or plastics, is applied or vapor-deposited and uses the above-mentioned conducting 
agent for this. Although the thickness in particular of a counter electrode conductive layer 
is not restricted, 3 nm - 10 micrometers are preferred. When a counter electrode 
conductive layer is metal, the thickness is 5 micrometers or less preferably, and the 
ranges of it are 10 nm - 3 micrometers still more preferably. The surface resistance of a 
counter electrode layer is so good that it is low. As a range of desirable surface resistance, 
it is below 50ohms / **, and is below 20ohms / ** still more preferably. 
[0087]Since it may irradiate with light from both a conductive substrate, and both [ either 
or ], in order for light to reach a photosensitive layer, it is good if at least one side of a 
conductive substrate and a counter electrode is substantially transparent. It is preferred to 
make a conductive substrate transparent from a viewpoint of improvement in power 
generation efficiency, and to enter light from the conductive substrate side. In this case, 
as for a counter electrode, it is preferred to have the character to reflect light. As such a 
counter electrode, the glass which vapor-deposited metal or a conductive oxide, plastics, 
or a metallic thin film can be used. 

[0088]The counter electrode should just stick the conductive layer side of the substrate 
which applies, plates or vapor-deposits electric conduction material directly on a charge 
transfer layer (PVD, CVD), or has a conductive layer. As well as the case of a conductive 
substrate when especially a counter electrode is transparent, it is preferred to use a metal 
lead in order to lower resistance of a counter electrode. The fall of the incident light 
quantity by the desirable quality of the material of a metal lead and installation method, 
and metal lead installation is the same as the case of a conductive substrate. 
[0089] (F) the conductive substrate and counter electrode which act as other layer 
electrodes — on the other hand — or functional layers, such as a protective layer and an 
antireflection layer, may be provided in both. According to the quality of the material, a 
method of application, vacuum deposition, the sticking method, etc. can be used for 
formation of these functional layers. 

[0090] (G) the example of the internal structure of a photoelectric conversion element — 
as mentioned above, double the internal structure of a photoelectric conversion element 
with the purpose, and various forms are possible for it. If it roughly divides into two, the 
structure which can enter both sides to light, and a structure possible only from one side 
are possible. The internal structure of a photoelectric conversion element preferably 
applicable to this invention at drawing 2 - drawing 9 is illustrated. 
[0091] Drawing 2 makes the photosensitive layer 20 and the charge transfer layer 30 
intervene between the transparent conductive layer 10a and the transparent counter 
electrode conductive layer 40a, and has the structure where light enters from both sides. 
Drawing 3 forms the metal lead 1 1 in part on the transparent substrate 50a, forms the 
transparent conductive layer 10a further, forms the undercoat 60, the photosensitive layer 
20, the charge transfer layer 30, and the counter electrode conductive layer 40 in this 
order, arranges the supporting board 50 further, and has the structure where light enters 
from the conductive layer side. On the supporting board 50, drawing 4 has the conductive 
layer 10 further, and forms the photosensitive layer 20 via the undercoat 60, The metal 
lead 1 1 side is carried out inside, the transparent substrate 50a which furthermore formed 
the charge transfer layer 30 and the transparent counter electrode conductive layer 40a, 
and formed the metal lead 1 1 in part is arranged, and it is the structure where light enters 



from the counter electrode side. Drawing 5 is the structure where the undercoat 60, the 
photosensitive layer 20, and the charge transfer layer 30 are made to intervene among 1 
set of thing which formed the metal lead 1 1 in part on the transparent substrate 50a, and 
formed the transparent conductive layer 10a (or 40a) further, and light enters from both 
sides. Drawing 6 is the structure where the transparent conductive layer 10a, the 
undercoat 60, the photosensitive layer 20, the charge transfer layer 30, and the counter 
electrode conductive layer 40 are formed on the transparent substrate 50a, the supporting 
board 50 is arranged and light enters from the conductive layer side on this. On the 
supporting board 50, drawing 7 has the conductive layer 10, forms the photosensitive 
layer 20 via the undercoat 60, forms the charge transfer layer 30 and the transparent 
counter electrode conductive layer 40a further, arranges the transparent substrate 50a on 
this, and is the structure where light enters from the counter electrode side. On the 
transparent substrate 50a, drawing 8 has the transparent conductive layer 10a, forms the 
photosensitive layer 20 via the undercoat 60, forms the charge transfer layer 30 and the 
transparent counter electrode conductive layer 40a further, arranges the transparent 
substrate 50a on this, and has the structure where light enters from both sides. Drawing 9 
forms the conductive layer 10 on the supporting board 50, forms the photosensitive layer 
20 via the undercoat 60, forms the solid charge transfer layer 30 further, has the counter 
electrode conductive layer 40 or the metal lead 1 1 in part on this, and has the structure 
where light enters from the counter electrode side. 

[0092] [2] It is made to make the photoelectric cell of photoelectric cell this invention 
work with external load to the above-mentioned photoelectric conversion element. The 
case where call the case where a charge transporting material mainly consists of ion 
transport material among photoelectric cells especially a photoelectrochemical cell, and 
power generation by sunlight is made into a key objective is called a solar cell. As for a 
photoelectric cell, in order to prevent deterioration of a structure and the vaporization of 
content, it is preferred to seal the side with polymer, adhesives, etc. The external circuit 
itself connected to a conductive substrate and a counter electrode via a lead may be 
publicly known. When applying the photoelectric conversion element of this invention to 
a solar cell, the structure inside the cell is the same as the structure of the photoelectric 
conversion element fundamentally mentioned above. The dye sensitizing type solar cell 
of this invention can take the fundamentally same modular structure as the conventional 
solar cell module. Although a cell is constituted on supporting boards, such as metal and 
ceramics, a solar cell module generally covers an it top with filling resin, a cover glass, 
etc. and the structure of incorporating light from the opposite side of a supporting board 
is taken, It is also possible to consider it as the structure of using transparent materials, 
such as tempered glass, for a supporting board, constituting a cell and incorporating light 
from the transparent supporting board side on it. The modular structure specifically called 
a super straight type, a substrate type, and a potting type, The substrate integral-type 
modular structure etc. which are used with an amorphous- silicon solar cell etc. are 
known, and the dye sensitizing type solar cell of this invention can also choose these 
modular structures suitably according to the purpose of use, a use place, and 
environment. Specifically, it is preferred to consider it as the structure of a description or 
a mode at Tokuganheil 1-8457. 

[0093]An example of the structure which carried out substrate integral-type 
modularization of the photoelectric conversion element of this invention is shown in 



drawing 10 . After drawing 10 forms the transparent conductive layer 10a on one field of 
the transparent substrate 50a, The undercoat 60 is installed, the cell which provided on 
this the photosensitive layer 20, the charge transfer layer 30, and the metal counter 
electrode conductive layer 40 which contained pigment adsorption Ti02 further is 
modularized, and the structure where the antireflection layer 70 is formed in the field of 
another side of the substrate 50a is expressed. It is more desirable to enlarge the rate of 
surface ratio of the photosensitive layer 20 (rate of surface ratio when it sees from the 
substrate 50a side which is an entrance plane of light), in order to raise the utilization 
efficiency of incident light, when considering it as such a structure. 
[0094]In the case of the module of the structure shown in drawing 10, so that it may be 
arranged on a substrate with that a transparent conductive layer, a photosensitive layer, a 
positive hole transportation layer, a counter electrode, etc. are three-dimensional and a 
constant interval, Semiconductor process technique, such as selective plating, selective 
etching, CVD, and PVD, Or laser scribing after pattern spreading or double width 
spreading, A desired modular structure can be acquired by patterning by the mechanical 
techniques, such as the plasma CVM (it indicates in Solar Energy Materials and Solar 
Cells, 48, and p373-381 grade), and grinding, etc. 
[0095] 

[Working example] Hereafter, an embodiment explains this invention concretely. 
TI-Nanoxide-D by preparation 1-1. dispersion-liquid A SORARONIKUSU of 
embodiment 11. titanium dioxide dispersion liquid (an anatase type titanium oxide 
dispersion thing.) PEG(polyethylene glycol)0.15g of the molecular weight 50 and 000 
was added to pH=0.8 lOg, and it fully dissolved and distributed, and was considered as 
the dispersion liquid A. 

1-2. the metallic compounds shown in Table 1 besides the nitric acid solution and NaOH 
(solid) of 1 mol/dm 3 to the dispersion-liquid B-H dispersion liquid A10.15g are shown in 
Table 1 - quantity addition was carried out, and it dissolved and distributed enough, and 
was considered as the dispersion liquid B-H. 
[0096] 



[Table 1] 
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[0097]2. Electrically conductive glass which coated tin oxide which doped fluorine so 
that production element structure of Ti0 2 electrode which adsorbed pigment might serve 
as mode of drawing 1 (Nippon Sheet Glass make; 25 mm x 100 mm) After covering and 
protecting the part (from an end to 5 mm) by the side of the electric conduction side of 
lOohms of sheet resistivity / ** with glass, place on a 400 ** hot plate and, [ under 5 to 
10% of oxygen concentration atmosphere ] Titanium dioxide thin film undercoat (about 



30 nm in thickness) was formed with the spray pyrolysis process (5.68 g of titanium 
isopropoxide, 4.1 ml of acety lace tone, and the solution of 80 ml of ethanol are sprayed). 
Adhesive tape was stretched to the part (from an end to 3 mm) by the side of an electric 
conduction side, and it was considered as the spacer, and on this, the glass rod was used 
and the above-mentioned titanium dioxide (indicated in Table 2) dispersion liquid were 
applied. After spreading, it exfoliated and adhesive tape was air-dried at the room 
temperature for 1 hour. Next, this glass was put into the electric furnace (Yamato 
Scientific muffle furnace FP-32 type), and it calcinated for 30 minutes at 550 **. Glass 
was taken out, and after cooling until the electrode surface became 120 ** in the dew 
point-40 ** dry environment, it was immersed for 4 hours, shaking at 40 ** in the 
solution (a 3x1 0~ 4 mole / liter, solvent; ethanol :t-butanol: acetonitrile =1:1:2) of the 
pigment R-l. The electrode adsorbed [ pigment ] was washed and air-dried by 
acetonitrile, cut processing was carried out to the 22 mmxl9 mm square, and the 
electrode was obtained. Thus, the coverage of the obtained photosensitive layer (titanium 
dioxide layer to which the pigment stuck) was about 9g/m 2 . 
[0098]3. The electrode produced by formation of a charge transfer layer and the 
production above 2 of the photoelectric cell was cut out in size of 26 mm x 18 mm, it left 
the 14 mm of central part xl4 mm square, and the titanium dioxide particle layer was 
removed. 

3-1. Flame type spacer made from polyethylene (10 micrometers in thickness) is inserted 
for the same platinum vacuum evaporation glass (thickness =lmicrometer of counter 
electrode and platinum layer, glass membrane thickness =1.1 mm) of size as electrode in 
which ionic charge moving bed carried out formation preparation, 4 mm in width which 
are a terminal part for terminals was taken out outside by turns, and it was piled up in the 
direction of a long side ( drawing 11 ). It left the field of the TiC>2 transparent electrode 
substrate which is a light sensing portion, and the seal of the whole was carried out with 
epoxy resin adhesive. Next, the foraminule for pouring in was vacated for the side of a 
spacer, and the electrolyte (compound 2: compound 1 : iodine : 
CF 3 COOLi:CF 3 COONa=15:35: 1:1:1 (mass ratio)) was infiltrated into inter-electrode 
space at 80 ** using capillarity. 
[0099] 

[Chemical formula 14] 
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[0100]The seal of the small hole was carried out with epoxy resin adhesive. 

3-2. The plating solution of the positive hole transportation layer following presentation 

was prepared. 

(Plating solution presentation) 

Sodium hydroxide lOg copper sulfate 5 monohydrate 10gEDTA2Na2 monohydrate 30g 
formaldehyde 4g2, 2' dipyridyl 50mgNaCN 30mgK 2 nickel(CN) 4 15mgPEG1000 The pH 
of the 25mgupto (water) 1L plating solution was 12. After having kept it warm at 50 **, 
carrying out nonelectrolytic plating by what protected 1 mm of circumference width of 
the electric conduction side exposed portion of an electrode and the cell being immersed 
and neglecting it for about 1.5 hours, carrying out aeration of the plating solution with air, 
the Cu layer was formed by washing and drying. Into the iodine steam which sealed the 
thing in which the Cu layer was formed, by aging at a room temperature for 1 hour, Cu 
was changed into Cul and the Cul layer was formed. Having permeated deeply into a 
porous film has checked the positive hole transportation layer formed by this method 
from section SEM. On the charge transfer layer formed by the above 3-2, the 
photoelectric conversion element piled up platinum vacuum evaporation glass (thickness 
=lmicrometer of a platinum layer, glass membrane thickness =1.1 mm, size 
lcmx2.5cm), and produced the photoelectric cell. 

[0101]By these [ 3-1 ] and 3-2, as shown in drawing 1 The glass 50a, The photoelectric 
cell with which the conductive layer 10a, the TiC>2 undercoat 60, the TiC>2 electrode layer 
20 to which the pigment stuck (when the electrode B is used), the charge transfer layer 
30, and the counter electrode (platinum layer 40+ glass 50a) were laminated in order has 
been produced. 

[0102]4. Imitation sunlight was generated by letting a spectrum filter (AM1.5G by Oriel) 
pass for the light of the xenon lamp (made by USHIO) of the measurement 500W of 
photoelectric conversion efficiency. The hardness of this light was 100mW/cm 2 . It 
irradiated with imitation sunlight and the electrically conductive glass of the above- 
mentioned photoelectric cell and the electricity generated between counter electrode 
layers were measured with current potential measuring apparatus (KESURESMU2400 



type). Open circuit voltage (Voc) and conversion efficiency (eta) were indicated to Table 
2. 

[0103] 
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[0104]From Table 2, the photoelectric cell (102-108) using the titanium oxide electrode 
containing metal other than titanium produced according to the process of this invention 
is understood that open circuit voltage (Voc) is high to the photoelectrical pole (101) 
which is not used. This tendency is the same when a positive hole transportation type 
layer is used for a charge transfer layer (1 10-1 12). Open circuit voltage has metaled 
loadings in many (102->103->104) and the tendency which corresponds to it and 
becomes large. However, it seems that that is not necessarily right as conversion 
efficiency, and there is **** (103> 102, 104). Although the upward tendency of Voc 
changed with metal to add, there was no big difference from sodium and potassium. It 
turned out that sufficiently large quantity is added and the mixed metal oxide is 
generating from XRD of a calcination electrode to the main metal like the photoelectric 
cell 108 in the ****** case. In 108, the mixture of anatase TiC>2 and strontium titanate 
was generating. If put on the calcination rear electrode of 102-107, any peaks other than 
TCO and anatase Ti0 2 were not observed. 

[01 05] When the particle dispersion thing of zinc oxide was used and it carried out 
similarly instead of the distributed thing of the titanium oxide used in embodiment 2 
Embodiment 1, it saw in the phenomenon in which Jsc (short circuit current density) 
increases sharply by the system which added tin hydroxide. The same tendency was 
looked at by the system which added aluminium hydroxide, the system which added tin 
hydroxide to niobium oxide or strontium titanate, etc. These are considered because it is 
effective in pigment adsorption increasing the pigment amount of adsorption to few oxide 
semiconductors like zinc oxide, niobium oxide, and strontium titanate. 
[0106] 

[Effect of the Invention] The dye sensitizing photoelectric conversion element and 
photoelectric cell of this invention are excellent in extraction voltage, and high 
conversion efficiency. 
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mmz Ltz %> cots, o , *mt*m&mi3msm£tt& 

7 {4 . Wt*S^ L 

\tl-7>coi%)-&, 4 0 0-5 5 0 o Ct;-CiD»-ri.ikt: 
4 0 , ^WffcMS^'lMiftcO*!^, 5 5 0-650 
°CfcT»f-ft <! k J: mThfth . MSKHBB4 1 0# 

- 1 o i^RKflrr* & . afc , JrtftEWt: c> , mmwie) 
mat. t< j4saif^^»aE. m*k «t o h«<^» 

S^W^ft. 3r&, *5MHfctJ^Ts r ^)£j k(4, 
*ft!HHB^£*^i=*S#*-* - fc Mi(4± 

S*. 40 

[0007] m&miz. ¥mtimb.=Fmt:mftz*&3#: 
%<kh— : m<owi~co-&m7cm-h\ ^.tzh^mjmco 

0 . 0 1 m o 1 %J2LL5 0 m o 1 4 5 iZ 

Sr 3 y h n-/kf hZb j6*T & ft . Mx. {fm~cOA«7U 
*«^tt«#4TT'litS £ k J 0 
m<OB.m^^)V^~ l/^Jay hn— £ k#' 

"Tire**. 

[0008] ^— O^KTcSSk LT(4. 50 
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4 

cott ft #«7C*k M=5r 5 i OT&ixif MT 

mfo ft V At 2 «<7)a^#K7t*TS) So * 4> i?£ U *75 

(4. t/^'jam, xhc?>-^-'>Atk<{4i«^aff 

i&Jmitm-C £> ft <, ft £ L v * 2 W<7)^#JR7C* k L T 
ff 6*1.4. m~O^JR7U«0^!fiskL-T{4. ±IE^M 

[0009] ^tmwwswtFJifc-pv^ii, s ^zmsm 

Mtrntcbt. mz, *m&%M$e»m=?3LV*ti 
zm^tzftnm<offimz^\ l ^Tmw-t& . 

[0010] CI] ^Hjjic 
*^O^m^m*^«4. ft £ L < i±m 1 fc^ J: 3 

iiiio. tmos6o, iS3tii (^mwwafi^ 
i) 20, nM&mm 3 0 , >ff®#«ii4 0 mmzmm 

*«i^2 1 bmm*mfcffib=F2 icomnmrnzmn 
LtiWMWMttm 2 3 1 ip^tmti ( ^mmim? 2 

ft) . WMWixmm2 3 {4. Iffll3 0(:fflv^» 

9111 0i3iy ; '/4/;liJtiItl4 oco 
T±t&k LT , S« 5 0 SiftJtT fc ± V\ JSlT*fMH^ 

(4. smgi 0 tjjtfffirnfcftsfflK 50 Ji 

^fl»l 0. SSitI4 0, IS5 0(i, ^*l^'*l 

mwmwm 1 0 a s sbh*t^ub4 0 a s jsnjs« 5 
m txmm±mi: § ^ft a w ( m ) t# «, w 

3*i±k kT^ 3j->ilBMtm*»fe i fir««#^t 
3i5««fl??«ftfcHftX, ±^^4ft^«^±B 

[ 0 0 1 1 ] H 1 &iittm&%MSm£=FliZt3^ 
T. fe*2 2^4 0**$^4 i **t*ia : P2 1 £i§rD 
!S^S2 0 fcA«Lfc3B±fi«2 2?*WL, 1jSB§ 

2 1 § fefc&ittcJ: l 0 1 

«T ft . :«^^fe*22 ^fO^tiS-fkftk =5r o T 
v^ft 0 3CKfifc^iV^(±, $111 0>t><0* ; F#jraiJ@ 

0 ^igT-fe* 2 2 ^DlWtflctcR 0 . fe* 2 2 j&*B£-$- 
fto !S^S2 0(4ft® (3tery-H) b LTldt, Wffi 

4 0<4IEffit LTMK . zti?ticomcom& mum 



(4) 

5 

mm i o tmxm 2 ot«, mytm 2 0 tmmm 
m3ot <Dmft. mmmm sot Mmmmm4 ot<^ 

[0 0 12] (A) il'KStt; 

#«tt3tfif*ti. ( 1 ) mmm^m. tfzi±(2)m 
mm&&tsmm.c r )2mfr^z>„ ( 1 ) nmsn. mm 

( 2 ) aaewit^wBt-fttriWfli**^-* 10 
A« (#Rif&&. A. IB, m. 3&tt, f^y, r;ys 

[0013] aWfled«Wi*iifflapi»*fi^J:v^ M 

4 L^mmim<vmmiz 5 0 a/nssT~ct> 0 , s 

*?4 t < (4 2 0 Q/DiaTT**. . 
[0014] ««ea**M*»^>3K*JHI«-4*&fc: 20 

mm.mzwKcfo 4 t imcommmtf 1 0 %£j.±.x-$> 4 

£fc*»ftU 5 0%&±_T$>&CDfim£L<, 8 0% 
[0015] j8HJHTCtt^ti£i: LTJ4, 

7°^ x if- ? ^ojSBHSSt^iBtafStt^giiMbifij^ 

U4-f yy^A-XXltt ( I TO) T"&4 0 jtBJS 30 

ffi^Jiffi 3 x h t &mco &x*m 0* v - , T/y 

6. S^jKU v-7^;yAOWWi: tT(4. fh77t 
-?-/y-fe;n=r-x (TAC) , ^ijxfi/yfl/7?l/- 

h (PET) s ^iJXfl/yf7^Wb (PEN) s 
•/yy^^fy^-fU^f^y (SPS) . ^ij7i 
:^>"X/y7^K (PPS) , #V%—#*—b (P 
C) s litVTVls—b (PAr) „ #yx/U7*> (P 
SF) , ^iJXXf;U;l/7t> (PES) , ^IJX- 40 

x/M ( pe 1 ) . WfctfV^vy 4 y. 7"oAft 
7x7^ i^^ftf* 2 . -HJ-!firitHBtt * mm- 4 feft fc: , 

»mtt^JR^t^OMflj«(4^^ X 4 £ J4T^X^ -y ? 
OSfip#: 1 m 2 ^ 0 0 . 0 1 — 1 0 0 gfthCOmT 
4Lvv 

[0016] i«H»meawis<?«iajL*Ttf 4 sw-ca 

KU - V £ffl^4 0*W4 LWMV- HOW»{4fi 
«tI«4LV\ #«U-K(4jiBflSMt**, 7a- 
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{4 I TOI|36»ii,*4aBPMJi*RftS<036i*»a LW 
#K >J - H f£Bt: i 4 AS^icDtRTte . #?4L<(41 
0%\m. J: , 9*f4L<(41-5%h-f-4„ 

[0017] (b) rm'om 

rm*) m t LxmLx a <c\t mm rm'om 

t LT4F4 Ll«-fbW»*h LTJ4. «<0 ( C ) 

iMfcWfctt, #?4L<(4T i O2, ZnO, Sn0 2 , F 
eaOs. WO3. NbiOe-C&D. *#Wff4L<{4Ti 
OiT&£. TMDilO^at LTt4^fl5&, X7V 
~jM n 'J y^ffi, x;\> ^ y ^ 

^ i fc ^'T-S S.ffiK {4MflJs£. X7"l/ 
t=JCG t TIE? h 5 >/ 7- L iz < \. v <>f y . u 

•rV »/y°a— xr-t^73-hS, A—r-yzi 

7t"7a-lffi, I&M4. *IBWi ! Fll2 6 8 1 2 9 4^- 
IBiK^^-/^-&ffiffl-r4x^xh7W->>'g ya~bm 

[0018] X7°P— n U y-X^C X 0 T i O2T 

mnz^? y-ft^ftjwstiKsaj l. 9 

S"S^ffl^4i tJ^T'S . Electrochimic 
a Acta, vol40, No. 5, 643-6 52 
K ( 1 9 9 5) fcI3«3*u:vv&. i^^fSL^ 
^-?y-\Y&mt LT(4. f^xi7Afb7XhJfy^ 
f^x>7Af h7^fV7n^yK, fj'XvAf b5 

V 7°n^ i^f - ^ — 1> A - fx r -fe^r-fe h h , 
ff? Hfifl;^- ^ i: X'fo 0 , »4 t < ^ - v A 
ff7-{y7WyF, f^xi7A7tf;t/7-fel^ 
— y-^yTn^yf^^^A-h'XTtW 
•fe h h T"S) 0 , ^tcff 4 L < «4^-^- T 7 A-r b 
y 7°n^ y- 4 . i ft. ^ ^ ^ >"fb^Brt±-eft*» 
f5?-T4^mi:4±fcffl^4 Z. t 4 . *T4 LV«J(4 
^^■7— X7 7— -fyroAV-/!/, r-b^-;y 
T-fe h >"CS> "9 , if 4 L<f4x7 7-7K 4 V7 0 cry^7 
-;y s T^fvyT^h >"•<:-#> 4. iftfeJKWtia^LT 
fflv^Ttiv^ ^jyfc-^omg.b tTJ4. 0. 01 

mol/l£U:5mol/l iil.TT*4 i fc 7JW4 L 
< , Mt*f4 L<«40 . 05mo l/lJil±2mo 1/ 
1 JilTT* 0 . mzft 4 t < i40 . 05mol/Uli 



(5) 

7 

1 m o i/i ETFCfc*. »mttS:»ftoiast LTia 

2 0 0 iCfiLh 6 0 0 X£kT&1&& L < . JgtdftS L < ti 

3 0 0 *CELt 6 0 0 •CJBTFCfc 0 , L < (4 3 5 

ox^Lh 5 o ox:jaT > c*4 o rm'omcom Lumm 

(45 — 1 OOOnm&TT&D, 10-5 0 0nm*i§ 
[0019] ( C ) 

[0020] ( 1 ) 

^mf*^*, 1 1 1 -vjftte&wmi*. 4tmtr>*)v 

[0 0 2 1 ] jf* Uv#JK<D#/l^^- LT, 

vMJ^A, ^y^y, a+s^a, n^-7'\ £tz\±9 
yjjvvmAWi, ^fs^a, Wa\ ft\ il. ryf* 30 

ft£ft¥#*fc L-cuastt, #y^A, -os^a, # 

H S ? Afo y yflSftL # y ? A - b** fcfcMH- >f v 

[0022] ^mizm^^mww&Tmit u\a 

ffcM(4, Si, Ti02, SnOi, F e 2 O3 , WO3, 
ZnO, NbzOs, CdS, ZnS, PbS, Bi 
2 S3, CdSe, CdTe, GaP, InP, G a A 40 
s , C u I n S2 , CuInS e 2 ^Wifk? Tfo 0 , ± 
Difcft L<i4Ti 02 s ZnO, Sn0 2 , F e 2 O3 , W 

03 *> l < ii n b 2 05 , t tztei-? yWT)v* y ±pj& 

4L<iiTi0 2 , ZnO, Sn02^/S{4Nb20 5 fi^i 
»t>#4L<liTiOjieS ; PT*&. iix 

^<^N»M4*a-cfflv^Tt i^u, (a^tsi, 

[00 23] *%Bj tC ffl^|,^«#;mS^(4#te 9 B B -C't 
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[0024] ^NWMR»?<»SBS(±HKfc: n m-// mCD 

fr^frtz-mk^<n^mkm,±5~~2 0 0nmt*4 
COtimt L < , 8-100n m^' 4 0 4 L t\ 
T14, 1 0 nmJJLhiOfi^JS^f: 1 0 nmOT« 
0M=F&£&tiX\*&Z.bifi&& U\ £fz, #tfc*8* 
c&mtm®.=? (~<*5K?) O^%?iS{40 .0 1-3 

0/xmj&W4 

[00 2 5 ] ftg**^»Sr« 2 WBfiLh^iaiS^iB 
■nltt J: < , £ «*^-/Jn§ v 4if«W^ X(4 1 0 

St**m±S-fr*gWC» Sf^Tv^^c, Mxi43 0 0 
n milO^fffiff^I^ LT t i V 
[0026] f»MSf«Wt LTJ4, f^Kff^ 
co ryvi^-^^o^j r^'^^SMa (19 9 8 

4 >y&ffii (1995%) mizimcoy/u-yjum, 

&jSLb.*M X&mmi . £X*)$>, Sg3 5^, ^9 
^r, 1012— 101 8H (199 6%) \<Z^Mcr>dr>V 
-V')Vmtm± LV\ ifcDeguss att^ML/t 

mm^m^mm^x-mm^m^z x o k^st^k 
[0027] ^Mfif^mf^v^^, ±tey 

?flJP*^-fi¥5£(4^-r^4>*F4 Li^\ S jS>tJWF¥<0 

rtsikf-^ y mvttmmmh im^mm. (1997 
% ) tzim<Dmmk& x wmm & * £ 1 1 

4, S^tV^-y/P-ffifcLT, Barbe^yV 
^ ■ ■ T^< 'J # V ■ -fe5 S v ? ■ V^X-f -f — , 
$80f, $12-f, 3 1 57-3 1 7 11 ( 1 997 
£3&&<7yjj&&. Burnside^y-Uh'J 
- ■ • Vf'JT^X, mi 0^, IP9-f-, 24 19 
-2 4 2 5 Stf Effect* LV\ 

[0028] mt^ya. ±tLxr-f-9-^mt)V 
^vmco2mmco^nm^h^\ ^wnxiiT-t?- 

(^WS^**** t < , 8 0 %]2LtX*fo ZZblfiZ 
[0029] ( 2 ) ¥*ttfiM$fflR 



(6) 

9 

comujm^imtmm'vhi. wacomtt&b lx 
[00 30] fflmt lt(±. *&ttt%m<n*mm 

ixf^f) ##{f£>tift. 4rtfo>)|R. i&SteJEtTW 

x\ ^mmco^mtpmmm t * o , $ ^ tM^t < io 
->vx- & ft # y xfi/y/ya -n^aanrt- ft t\ 
[oo3i] ^wmxn^comimmizm^-f. ea<o 

K*^^— ffij^aLTv^i. trz^mm^-t^M 20 

fifeM 0 t T t> J: v ^ § <o (cje^Sh^ 0 "C&fUf * ? 
'J-VffllKfcff* L<ffifflTS ft. 
[00 32] ^fc^tt«B^S^JS3 (iS^JlOff 
£ fc PI t ) #J*< =5rft 3fc 0 ^fflSfi 

0. l-ioo/imtis, f 

SHWWfi^JftfJjPSttl— 3 Oumfimt L<, 2 — 2 30 
5 ix m # i 0 ft & t ^ . fi«T«SM: lm^S 
^OM^MtiO. 5-10 0gi) 5 |fiL<, 3-50g 

[00 33] 2f^»*^^««fiBd**tJifca6ft tfc 

fc, IStaj^^rffiT'«-f-ft^Wfeft„ MfiSckLT 

sK U V- 7 * /I- A » i a tlbft^flS ^ftflc £ 40 
L < * v \ ifcaxh comj&fr 6 1 T & ft PS 9 flSBtr* 

5 n mJJlTO'hS v ^MMKS^flfffl^KR t L 
n y yflSHf* ft v ^ii|3|^oS^^S^#W-rft -f^ 

fctd&SfcrTfrtfifcar*. 50 
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[0034] ^f£¥^#«^lSfflffl£tg:*S-££ 

m.T^MT&xm^ s ft a we . £ tf raafl:?- 
* * ffl i ^-ffc^ •/ * a&s^Hjfrf tf - 9 >ym 

[0035] #iffltfii# < eofe*^i®#-rft i fc 

tfT S ft J; -3 (c^ffl^co^: § v ■» t co*W 4Lt\ c Ofc 

Wis, ^HWtcMtT 1 omtWOifi t 
< , $ A, 1 0 0 ffifJSLhtr* ft tf0^*?4 . z co±m 

imizmmt^w, awi o o o#ms-es>s. 

[0036] ( 3 ) fe* 

^»*^m!SL5ftfl:^^^ffStffl^fti^ 

^-esft^. ^r«^R«*fe*, ^^-v-fess. 

*ifcj&*r**. SWi:-rft3tiicO^«5i: 

OfiJ-^ * ®^ i k *iT" # ft . 
[0037] i a Lfcfe*(i^flsj»e^SiBt«L 
T®*t^CO*ftjfiS^IS^-* ( i n t e r 1 o c k i 
n g group) £^rLTV-»6<W3?S *f 4 L 
^IS^ttTtt. COOHft S0 3 Hi, 
-P(0)(OH)2S4/S{S-OP(0)(OH)2*<?5 t fca^r 
KttS, foftWirt^v-A. i/^^v-A. hHn^fH 

**©«!t**^-4^U- b^S^W^ixft o =ST7&--e 
iCOOHl, -P(0)(OH) 2 Mtl±-OP(0)(0 
H ) 2 Cff^L^. £ #1 & £)£tt77I'# >J t 

tiv^. i^y^^y-feilco^. *+vmttz.9T 
y y ^AaK»^n3-^z.lRt»jjW4«^^)J: d^K 

[0038] tlTs Lif^iSaSfi** 
( a ) ^MA«|g#c-fe3g 

^AMftcfeSi: LTti. flJi.{f*BI#fF4 9 2 7 7 2 1 
^•^ |5J4684537^\ 11508436 5^, PI53 
50644 -f-. 1315463057-^-. [5]5525440 
WM¥7-2 4 9 7 9 0-§\ #if 1 0-5 04 5 
12f, WO 9 8/5 0 3 9 3^\ WW 2 0 0 0-26 
4 8 7-W;fEi£omfe*##(f ^tLft . 
[00391 2 fe^iB/^r-^AilflsfeSlSliTieHR 
^ ( I ) : 



(7) ftH!2 0 0 2-87 4 1 

11 12 

(Ai) P Ru(B-a)(B-b)(B-c) HRaS ( I ) 

lz£K>m%tlhCDtf1g-tL\K -jRgfc ( I ) Aiii * 3<Z>S§»rC*>S. B-a. B - b £ J; VB - c [»tif 
1 i^(±2^ffi{4^Sr^L. CK SCN. HzO. ^fcfrfcTIKB - 1 ~B- 1 0 : 

Br, I, CN S NCOiSiySeCN, ifet>'H/3- [0040] 

b-1 e-2 

COOH COOH 



CX) Curl 

N N N N 



B-3 B-4 
P0 3 H 



N N N N N N 



B-5 





B-9 



B-10 



N 



Ra 



N 



N N 



N N 



[0041] (±e*4», r a«. 7kmM=Ftfzimm mi$m?t>$>m a 



HJK-?ic7~l 2oSg^^{i*lSm<7)r7^^. 



a s B-b*jJ:VB-cJ±R— TfcSKro-CC^fcJ: 

[0042] *«l£«£§#c-feS?cD#f ifc U\HflcW*I3lT 

[0043] 
[ft 2] 



(8) ftH!2 0 0 2-87 4 1 

13 14 



KM— 

No. 


A| 


P 


B-a 


B-b 


B-c 


Ra 


D 1 

R— 1 


SCN 


2 


B-1 


B-1 






R— 2 


CN 


2 


B-1 


B-1 






q y% 

R-3 


CI 


2 


B-1 


B-1 






R- 4 


CN 


2 


8-7 


B-7 






R 5 


SCN 


2 


B-7 


B-7 






R-6 


SCN 


2 


B-1 


B-2 




H 


R- 7 


SCN 


1 


B-1 


B-3 






R-8 


CI 


1 


B-1 


B-4 




H 


R-9 


I 


2 


B-1 


B-5 




H 


R~10 


SCN 


3 


B-8 








R-11 


CN 


3 


B-8 








R-12 


SCN 


1 


B-8 


B-2 




H 


R-13 




0 


B-1 


B-1 


B-1 






1 7 
Pc-1 



HOOC 




i ^COOH 

Q 

N=( ^ — N 
S II 
N — Zn— N 

N=r 7 — N 




(10) 

Pc~2 

HOOC 



COOH 
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1 8 



Pc-3 



COOH 
H3C CH3 

i-N 




COOH 



CH 3 
COOH 



COOH 



Pc-4 




HOOC" 



\ / \jT co ° H 




[0047] ( b ) * f-yfefR^Bgt'figffl-ri.fe*^ 

RPPl 1-3 58 3 6-t. #PfW1 l-67285f, 
1 1-86916^ WHHF 11-9772 5 
1 1 - 1 5 8 3 9 ifffflT 11-16 3 
378^, ifflPFf 1 1-214730^, WW 3 ? 11- 
2 1 4 7 3 1 -*§\ WfflT 1 1 -238905^ BtfHft 40 
IfS 9 2 4 1 1 -JNsit/ra 9 118 4 1 ^5#HBffl*fc 

[0048] ( 4 ) 3MWM^p\<9e*<9l8# 

aw* *\ fiS^JKKt^fHWMKS^-Ji fc&flr*-* 77 £ 
¥7-24979 O^ZimZtlX ^4 i 3 tSDSftilM* 50 



/HIS /k x^y— ;k t-y'^y— ;k 

S^T/l-n —/HP ) . — hi) /HB ( T-fc h - h U /K 7° 
nW- h'JyK 3-^bJfy7ot^-MJyl/f) N 
- fny^>\ ^ny^fcJHbKS (y7nn^^y, 
y^nnxj'y, yan^/l-A. ?on\yt'y|) „ 

X — T7MSi ( yXf/l/I-f/l-, f f7tl^D77y 
fMMTSK N, N-y^f;l/7t^5Kf ) „ 

n - * to y Ky, i , 3 - yy s yy u ^ 
yy, 3-y^/i^^v"y >v:>\ ixt/U (Pig 

x^/K S17f;Pf) . Rlx7f;« (Ily'xf 
/K MBSx^y. JKifcrntP>^P) . y-h>H (T 
■fchv, 2-77/y^ ^n\wy|) , K-fbK 
fft e^y->, 5?4x— f/k ^y-<£>\ Wt-x^f) 



(11) 
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[oo49] &mcoikw.wmii. ^iw^mw-mmmm. 

COmtLmmW, ( l m 2 ) mtz 9 O . 01-100mmo 
l±, ^NWMKBtf lgSf^O. 0 1 - 1 mm o 1 Ofe 

o , 4 t^mmznm ltv^v^* 

■$N&0>£jBW-*fc«>, «iltc^$-ffc4 0— 8 0 o C«rBl 

[00 50] *©#cofeSt(i, WMim*?Mzfomz3: 
i L^T$>mt LTi±t°U 4 - t -y'if-Aby 



2 0 



I 

(Y-a) 



I" Ry 2 -Ay1 R y< I 

Ry3 



[00 5 5]-M(Y-a)^, Qyiliifgft * 

^ry-A-at si-^ ^'rv— /uBRXfi h u ty-ass 

x-foZcomii-LK, t^ftV'-^i, f7/-/WR 

[0 0 5 6] -fl^ (Y-b) tf. Ayii±a*M^X 
[00 57] (Y-a) . (Y-b ) Rlfi ( Y-^50 



[0051] ( d ) mmmm 

z be)-?* zimmftmsmmmmMt lxu. cm 
xymmtmt lx. Mimim^ ^vtmrnhtzm 

[0052] ( 1 ) 

MWtLXH. HitfW09 5/184 56f > 
8-2 5 9 5 4 3-§\ WMdtt^, ^6 5^, 11?, 9 
231 ( 1 9 9 7*) m^EMZtlX^&Wif—VA 
20 A 5 ^"V" U ^AtS. h- 'J TV 'J ^A^<0BBD*03 

ftifiraniiJKiiwcft * fRmmuavvms&w^ t v ^ 

[00 53] |?JtL<fflV^*ifc<0 , ?S4j»iKSf:Lt' 
l4,TE-!K(Y-a), (Y-b) &tf (Y-c ) 

[0054] 
[ft 6] 

N 

Ry6^ A. ^Ry3 I 

N N 
I I 

Ry5 Ry^ 

(Y-b) (Y-c) 

c) ^Ryi-Rysll -f-ft^Mfcfc SMXiilffi 
{Sfflt<or;w^f;wa (ff*L< ti^HJE-flSc l ~2 4 . itt 
«RT* -5 T t iHRttT* otii, 4 JtH^TS) -oT t> 
i<, M^(iyf/«, xf;H, TnbAK. V7 
nbVl^. ^y-f-Aft N ^v-AK, ^"^f-Afi, 2- 

fy^i, i^^n^^i^;^. i/^Q^^/u-X^) , 
iu(ilIXIii|Iico7;^-;« (if 4 L<(i^ig 

JS^ »SC 2-24, oTt 4HS«eT* o T t> ± 

<. Mi«fb'-;^. r';/W») ^^L. iDett 
<(^«M^S2-1 807;^;HX!iMSfl2 
~ l 8»7;^-;«t* 0 . *Sfciff4 L < 
12-6^) T AST* 5 . 

[0 0 58] (Y-b) 4>ORyi — Ry* 

<o o ^> 2 ouLh**s^t:^*s lt a y i z&wmmm 

mZBf&LXi>£<. —jte£ (Y-c ) tf«Ryi-R 



(12) 



WfM2 0 0 2-874 1 



2 1 

[0 0 5 9] — jRjC (Y-a) , (Y-b)ftV(Y- 
c) tfiOQyi&t^Ryi—RysJi, KHSSrWLTU 

(F, CI, Br, If), 771<=J^>'X 



^) „ t^/p* (^f-^*, x-f-yi^ rnbvp 

( y x rvP3£, h >M )VWm ) . a*iSS ( b" U i^VP 

( b"-;PS, 1 -7°cr^-;US^) 3ff#ajS{f ^ft-g, . 
[0060]HRS(Y-a), (Y-b)X(i(Y- 
c) fc± 9*3*l4-ffc&Wlis QyiXttRyi-Ryc 

[00 6 1 ] £ft6*>i§Ifcfi«, #%-C'ffifflLTi , 2 
8JSl±»£LT«fflL/Ct>J:<, 4fc, 3<7*Tx^-y 

)\-a'fy\YMA*> (cr, b , nsc- s b 

Fr, PF6", ClOr, (CF 3 S0 2 )2N\ (CF 
3CF2SO2) 2N-, CF3SO3-, CF3COO-, Ph 

4B-, (CF3SO2) sc-mmit umt txm? h 

ft, (CF3SO2) 2N-X\±BF4-Xfo&cr)f/i. K)W£ 



10 



20 



30 



2 2 



[0062] *fHffC»4 L<fflV*4>*l4iffltt*tfO£flc 

^« 

[0063] 

[^7] 
(YD 



(Y2) 



(Y3) 



(Y4) 



(Y5) 



(Y6) 



a 



N+ 
I 

C 8 H 17 (n) 



J 

N + 
I 

Ci2H2s(n) 



C 4 H 9 (n) 

CT 

IM + 
I 

CH 2 CN 



cr 



N 
I 

C4H 9 Cn) 



CH 2 CN 
X" 



N + 



COOC 2 H 5 



C 4 H 9 (n) 



[0064] 

[its: 



Y1-1 
Y1-2 
Y1-3 



X=BF 4 

X=N(S02CF 3 ) 2 



Y1-4 X=PF 6 

Y2-1 X=l 
Y2-2 X«BF 4 
Y2-3 X=N(S0 2 CF 3 ) 2 
Y2-4 X=PF 6 

Y3-1 X=l 

Y3-2 X=BF 4 

Y3-3 X=N(S0 2 CF 3 ) 2 



Y4-1 X=l 

Y4-2 X=BF 4 

Y4-3 X=N(S0 2 CF 3 ) 2 



Y5-1 X=J 

Y5-2 X=BF 4 

Y5-3 X=N{S02CF 3 ) 2 



Y6-1 X=l 

Y6-2 X=BF 4 

Y6-3 X=N(S02CF 3 ) 2 



(13) 
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2 3 
(Y7) 



(Y8) 



(Y9) 



CH 3 " 



r=\ + 



C 2 H 5 



/— \ + 
CH 3 ^ N ^ N -C 4 H 9 (n) X 



r=\ 4 

CH 3 ^ N Y N "c 6 H 13 (n) X 
CH 3 



24 



Y7-1 X=l 

Y7-2 X=BF 4 

Y7-3 X=N(S02CF 3 ) 2 

Y7-4 X=*Br 

Y8-1 X=l 

Y8-2 X=BF 4 

YB-3 X=N(S0 2 CF3) 2 

Y9-1 X-l 

Y9-2 X=BF 4 

Y9-3 X=N(SOeCF 3 ) 2 



(Y10) 



^N^N^ X" 



(Y11) 



.CH3 

Y C eHi 3 (n) 
CH 3 



Y10-1 X=l 

Y10-2 X=BF 4 

Y10-3 X=N(S0 2 CF 3 ) 2 

Y11-1 X-l 

Y11-2 X=BF 4 

Y11-3 X=N(S0 2 CF 3 ) 2 



(Y12) 



CH 3 



^ C 6 H 13 (n) 



Y12-1 X=l 
Y12-2 X=BF 4 
Y12-3 X=N(S0 2 CF 3 ) 2 



[0 0 6 5] 



(14) ftH!2 0 0 2-87 4 1 

2 5 2 6 

(Y13) 

X~ X" Y13-1 X=l 

r=\ + +/=\ Y13-2 X=BF 4 

(n)C 4 H g ^ N ^ N ^ (CHsJe" N ^ N "^C 4 H 9 (n) Y13 " 3 X=N(S0 2 CF3) 2 



(Y14) 



QY14-1 X=l 

x _ Y14-2 X=BF 4 

„N^.N* Y14-3 X=N(S0 2 CF 3)2 
OH 3 v C 4 H 9 (n) 



(Y15) 



(Y16) 



N -^ Nt -C B H 13 (n) X ~ Y1S-2 X=BF 4 



a 



Y15-1 X=l 
Y15-2 X=B 
Y15-3 X=N(S0 2 CF 3 ) 2 



X X Y16-1 X=l 

CH 3 — f N N— (CH2) 6 — V ^CH 3 Y16-2 X=BF 4 

Y16-3 X-N(S0 2 CF 3 ) 2 

(Y17) 

X" X" Y17-1 X=l 

CH 3 "N^— (CH2) s ^r^N-CH 3 Y17-2 X=BF 4 

X==/ Y17-3 X=N(S0 2 CF 3 ) 2 



[0066] 



(15) 



*$BB2 0 0 2-874 1 



2 7 



(Y18) 



CY19) 



CHnCHs 

CH 3 C H 2 — N— C 4 H 9 (n) 

CH2CH3 

CH 2 CH 3 



CH 3 — N— (CH 2 CH20)2CH3 
CH2CH3 

(Y20) 

(CH 2 CH20)£CH 3 
C H 3 (OCH 2 CH2)2— N — (CH 2 CH 2 Q) 5 C H 3 

X" (CHgCHgOJ^CHs 

(Y21) (i)C 3 H 7 

(i)C 3 H 7 — N— CH 2 CH 3 
CH 3 

(Y22) 

GH 2 CH 3 
CH3CH2— N— CH 2 CH 2 0 
CH 2 CH 3 

Q 

CH 3 C 4 H 9 (n) 
,0. 



(Y23) 



(Y24) 



o 



CH 3 " ^C 4 H 9 {n) 



2 8 

Y18-1 X-l 
Y18-2 X=BF 4 
Y18-3 X=N(S02CF 3 ) 2 
Y18-4 X=PF 6 

Y19-1 X«l 

Y19-2 X-BF 4 

Y19-3 X-N(S02CF 3 ) 2 



Y20-1 X=l 

Y20-2 X=BF 4 

Y20-3 X=N(S0 2 CF 3 ) 2 

Y21-1 X=l 
Y21-2 X-BF 4 
Y21-3 X=N(S0 2 CF 3 ) 2 



Y22-1 X=! 
Y22-2 X=BF 4 
Y22-3 X=N(S0 2 CF 3 > 2 

Y23-1 X=l 

Y23-2 X=BF 4 

Y23-3 X=N(S0 2 CF 3 ) 2 

Y24-1 X=l 
Y24-2 X=BF 4 
Y24-3 X=N(S0 2 CF 3 ) 2 



[0 0 6 7] 



* * [ftll] 



(16) ftH!2 0 0 2-87 4 1 

2 9 3 0 



(Y25) 



C 4 H 9 (n) 

l + x - Y25-1 X=l 

CH 3 P C4H9(n) Y25-2 X=BF 4 

C 4 H 9 (n) Y25-3 X=N(S02CF 3 ) 2 



(Y26) 



Y26-1 X=l 
Y26-2 X=BF 4 



o o 

^ Q Q ^ Y26-3 X=N(S02CF 3 ) 2 

VV x 

CH 3 CH 2 (OCH 2 CH2)2 (CH2CHaO)2CH 2 CH3 



(Y27) 



(Y28) 



x - Y27-1 X=l 
Y27-2 X=BF 4 
(CH2CH^)2pCH 2 CH3 Y27-3 X=N(S02CF 3 ) 2 



CH 3 



k o r ° <r 

CH 3 



Y28-1 X=l 
Y28-2 X=BF 4 
_> Y28-3 X=N(S0 2 CF 3 ) 2 



[0 0 68] 



*30* [ftl2] 



(17) #12002-874 1 

3 1 3 2 

(Y29) 

+^Et Y29-1 X=l 

Me^ X /Me X" Y * 9 " 2 X=N(S0 2 CF 3 } 2 

N N Y29~3 X=BF 4 

Me Me Y29-4 X=PF 6 



(Y30) 



(Y31) 



+^Bu(n) Y30-1 X=l 

Me^ A .Me X" Y30-2 X=N(S0 2 CF 3 ) 2 
N N Y30-3 X=BF 4 

Me Me Y30-4 X=CF 3 S0 3 



Y31-1 X=l 

H^^CHsCHjO^CHj Y31 _ 2 X=N(S02CF3)2 

Ms^ A .Me X- Y31-3 X=BF 4 

N N 
I I 
Me Me 



CY32) 



Me x Y32-1 X=l 

Me^ A .Me X" Y32-2 X=N(S0 2 CF 3 ) 2 
N N Y32-3 X=BF 4 

I I 
Me Me 



[0069] 



* * [-fKl 3] 



(18) 002-8741 
3 3 3 4 



(Y33) 

CH 3 -(OCH2CH^ ^CH 2 CH 2 0^-CH 3 



Y33-1 X=l 

Y33-2 X=N(S0 2 CF 3 ) 2 



N N Y33-3 X=BF 4 

I I 
Me Me 



(Y34) 



Y34-1 X=l 



Me^ X ^Me X" Y34-2 X=N(S 02 CF 3 ) 2 

N N Y34-3 X=BF 4 

Me Me 



(Y35) 



C 



^CHaCHaO^CHa Y35-1 X-l 
N " Y35-2 X=N{S0 2 CF 3 ) 2 



fsl-^ISl"' 0 ^ " i"35 X-BF 4 

(Y36) 

X~ X ~ 

(n)Bu % ./^.0^ 0 ^_ Bu W 



II II 
Me Me Me Me 



Y36-1 X=l 

Y36-2 X=N(S0 2 CF3) 2 
Y36-3 X*BF 4 



[0070] MmrnMmmmtm^x'mmmmx'h^ 

zmmzmimLx i>mb%\w. mm&^mimm 30 

<, 9 owm%m±.x'2b&<7>t>mi / ztt£ u\ ttz,t& 
coo-h, 5 0 ii%iiii^'3 vmmTfo hzh am t l 

[0071] ©ff^fflj^Wca^m^^iD^S^'ifi 
l<. zooms. B^m^^m±, mmw&jm^fa 

CSUO. l-2 0fli%T'l)SWML<, 0. 
[0072] ( 2 ) Wff ffi 

k LTi±L i I „ Na I , K I s C s I „ C a 1 2 =5: 

if) . Br»fclMaSl^)a»-&*rfr (HflSftli: tT«L 
iBr, NaBr, K B r , CsBr, CaBra^t" 

Hftlj , h & i^ti-r b 5 r;i^ ;u r y^e — a 7" 



A^^^MS&Srif ) 7xn^r>-BSta-7 

5. iotftrfc i2fcLi i^fyy-^A3-^ 
3 7*fi^ wiwaw 4 u ^. ±a 

[0073]ffi U^«»JKSSfi 0 . 1 MELL 1 5 M 
ETFC* 0 , § 6 izm-t. L < ti 0 . 2 MELL 1 0 MJilT 

v i a ^*cDaaraiiK(i 0 . 0 1 MiiLh 0 . 5 MjaTC* 

[0074] WHIfcteffl-r 4**K±, >f * 

3Hts 4<ft£«rc*4 ;t*«ai u\ z<r>i. ? tarn 

-b^^^-^T— Mfcl^ 3 2 -3f^ 

/PX— ■f/l'&ifOX— r-Mb-B^il, xfl/y^'ij ;u 



( 

3 5 

x— 7VK ^'Jx^yyyy a— ivVT^iV?-— f- 

Wltx-f/H. yyy-/K xyy-/K x^-yy 
y y a — /t^e y Trt^kx— y°n h°y y y U a— 

77Hf floe— . *° u 7a tl/y^ U xr-/l^E y T;P 
df/p-x— r^ifOT^rj— >\,m. xfi/y/ij n- 
/K rneyyyyn— /K iK'Jxfi/y/'Ja-yK 

*f u y°n b° v y y* y n — /k y* y -t y y & t'^ttT/L- 
3— ;HR, r-feh — HJ/K Wni/'xhij/K y t- 
^fyT-fehxMJ/K rnh^xby/K Kyy'—h ] J 

[0 0 7 5] t/t, ^BJJ-m. J. Am. Ceram. Soc ., 
80 (12)3157-3171 (1997) fcEH$#lTV^4 J: 5 =Srt e r 

t-yf-/kt , yy'y J K 2-enyy s 2, 6-4-f-y 
■£**ififilrt-**£o#a L v ^HSiEHJi 0 . 0 5 MJ21 

[00 76] ( 3 ) y^«Mt 
*5KH"CI4» WPftlisKUv-iRaii, ~%A )V?>V\YM& 

3W8ifcJ: y yVWfc (Hflc-fb) ^^ffiffltSlJ: fc 

tis, * y «t o y/wt s ■£ 4 . " po 

lyraer Electrolyte Reviews-li3 ^€^"2 (J. R. MacCal lura 
hC.A. Vincent04±fS, EtSEVIER APPtlED SCIENCE) 

y r y y nx h y >K U 7 «y t - ijfyJffiK 

it<$it%>$kcil&J. Chem Soc. Japan, Ind. Chem.Sec. , 
46,77 9(1943), J. Am. Chem. Soc, 111,5542(1989), 
J. Chem. Soc, Chem. Com mun., 1993, 390, Angew. C 
hem. Int. Ed. Engl., 35,1949(1996), Chem. Lett., 19 
96, 885, J. Chm. Soc, Chem. Commun. , 1997,545^15 

»£ixT v >4 ik&m&&mr& z t trc l 
[0077] ttz, xv-?~commKmz ± y«wc£ 

£\ u^^jmeosesi^ (M 

*+ry->vm. r-yrv-fl-at ^*yyat ty-oj 
y y 11 , ty< 5 y y if ) X~fo *) , » t L v ^Efgffl 

m (mttx. wyyfcTA'*^ ^yy^try^ 

[0078] ( 4 ) IE?L$ftii«W 



19) ^12002-8741 

3 6 

( a ) *«jE?L«ii**m 

*^BH(caffl^It^^«iEfLltjiW4t 1/04. J.Hage 
n et al., Synthetic Metal 89(1997)215-220, Nature, Vo 
1.395, 8 Oct. 1998,p583-585&4t/W0 9 7/1 0 6 

1 7, WBHBS5 9-1 94 3 9 3f&g, #MT5-2 
34681#&i. *IB#l i Flg4, 9 2 3, 774-f, 

10 - 3 0 8 6 8 8^&fg. *W#ffm4 , 7 6 

4 , 625f, #PB¥3 - 2 6 9 0 8 4#&«, 

4- 1 29 27 1 -f-^fg. f^ffl^F4 -1 7 5 39 5^ 
«L - 2 6 4 1 8 9-t^fi. WfBHT4 - 2 9 0 
8 5 1 4 - 3 6 4 1 5 3^fR, #W¥ 

5- 2 54 7 3^&i, #HBT5-2 3 94 5 5#* 
$g. iH¥ 5-320 6 3 4 ^M^F6 - 1 9 7 

2 «BPF 7- 1 38562 *§r$M. #PB¥ 7 - 
2 5 2 4 7 4^fg. ftffi*? 1 1 -14 4 7 7 3-^&fg 
^t^$tt-i>^#KT 5 ym&tm¥ 1 1-14 9 8 2 

20 1 #4«B, 1 1-14 8 0 6 7#i«B, 1 

1-1 7 6 4 8 9^?g^t;f5tt<7) h ij7xXl/yM 
foment L<m^hZb-tfX*%h» £fz. Adv. Mate 
r. 1997, 9, NO. 7, p557, Angew. Chem. Int. Ed. Engl. 19 
95, 34, No.3,p303-307 JACS,Voll20, N0.4,1998,p664- 
672£fcr!Bil£$tiT^£*y ^t?^^! K. Mur 
akoshi et al.,;Chem. Lett. 1997, p471(C|Btt0^y 
t°C7 — "Handbook of Organic Conductive Molecul 
es and Polymers Vol. 1,2,3, 4 (NALWA#, WILEY iHM> " 

fcfBKSfi-cv^jK'j r^v yts ku^mw®.. # 
30 y (p-y^xyy) ti&vz&mmfc. ^y (p-y 

ixyytxyy) tj±tP-toiS»*. *.°y^-xxyy 
v-vya&if^tDmmk. ^v^y^yts^^co 
mmfo. xvT-vy&kifzwmmfo. #y wmj'* 
yfe i^^oKW** <«IWttit^*#a L < ffiffl^- 

[0079] ( b ) 4s«iEf mmmm 

14, A>F ^f> -y 7°^' 2 e V14±T* S Z t 4 L 
40 <. §A>tc2. 5eVJ2Lh*C**£i:*«»4U^ * 
fc. p^*l»fk'^ftl^#*<7)-f ^yfctfr-y i"*JWi& 
mcOjEJL^WtT^^m^, &M®MmM<7)4*y 

VJVCDMt L^Wmam^X< —mz4. 5e 

Vja±5. SeVMTX-fo&Ztfim&LK. 

4 . 7 e VlJJLh 5 . 3 e VJ2TFC* Sit *<jff i t V \ 

^mfoxfo y , -mcomtr^it^wm^mt lx 

50 l±CuI, CuSCN, CuInSej, Cu (In, 



(20) 



WM2 0 0 2-874 1 



3 7 

Ga) Se2, CuGaSei, Cu 2 0, CuS, Cu 
GaS 2 , CuInSs, C u A 1 S e ztcb'tfmf k>tl 
5, iOtft'iCu I&itXCu SCNj^ffS L< , C 

ttT. GaP, NiO, CoO, F e G\ BizOs, 
M0O2. CrzOsiSSl^ifc^tSS. pMliJi 

ifiKJi 1 O-'cmW ■ s e cVX±.l 0 4 cmVV ■ 
s e c VlTXh 0 . $£>td?f4L<«l O- 3 craVV 

■ s e cliLkl 0 3 cmW ■ s e ciilTT'^^, * 
fc, *##«)J10i!f 4 LV,^W(SJ4 1 O" 8 S/c mJil± 
1 0 2 S/cmiaTT-&D. S6t»4L,<«l O" 6 S 
/cmJSLhl 0 S/cmtlTT'W. 

[0080] #fPJ<OjE?Lft^JIi±T?*T^- H-t 

LT*?4L<f£ffl£*i£^ii, H^f s hUX (4-7" 

K NOPFe. SbCh, I2. Br 2 , HCIO4. 
( n - C 4 H 9 ) 4 C 1 O4 s Ml 7Wnil, 4 - Hf 
i^/u^y-^yx^yM. 1 —i-y^uyx^yM. 

FeCh, AuCh. NOSbFs. AsFs, NOB 
F4, Li BF4, Hs [PM012O40] , Li [ (CFs 
S0 2 ) 2 N] , 7, 7, 8, 8-fh7y7/^y^ 
(TCNQ) . 77-l/yC6 0ft*S^ £*X 

0»4 Lv4SJll»J±ft-&* i NWfct=St LT 0 .00 0 1 

0.001 WMlXPJJi 3 2> . 

[0081] ( 5 ) mmmmcD&nt 
mmmmmm^mizmLx^. 2MKwiim&#m 

•$hZ\b **r S 4 o 1 ol4JK*li«D±fc:5fct=*flfi*jyi 0 
[0082] mfiPBlWf <o»E»ii»^rffifc 

[0083] f£;§o*§-S\ aSwWlfpBUMitfev^-cii 

[0084] m*m j st j mm>JEfL ( «ri*« 



3 8 



*ausuiBswHidat^Mtffi, ***H£, & 
ism, x^ya-hm, mm. mmm&m. ytmmm 

MIIfM^^^t, HfliiS, xt°y 

[0085] *fMB«03e«ESaf^)«B»IMi<Dj?a 

0. 0 0 5/tm£Uil 0 0 ^ m*)f 0 , $ t>liZ#t 
10 L < (i 0 . 0 1 ju mJSLh 7 0 ju m^STC* 0 , Wfc#? 4 
L<J40. 0 5umHl±5 0Mm^.mX'$)i>. 
[0086] ( E ) Mffi 

XtffcLTte. £Jjg («i«r&A, SB, #L 
-^A, 7^y>>A, ^yy-7A?) , K*, 

smtt^aKi^ (>f y^A-xx»^iWb»i, 7-7 

20 A. A, IB, T^S-^A, V^i^ASrft®! 

®ii0J¥$ti#tCMK$^V^, 3nm— 1 0 juimW 
»4L<(i:5/imLiTT' £ fe , 7, §A>«T4L<{±1 On 

h 0 , s ^ t*F s l < (i 2 0 n/aa"pc* 4 . 

30 [0087] *»®4£}f #c fc ^ffficDl ^ix^- ^4 fcli 

mzmmx°fom$ ^ * . mnmmcom±.cr>w&fr t> a , 

WS-frft (7)^4 L ^ . £ c9*#*JflK±3fc£R|f-$-*tt 

[0088] nm±, mmzmmi.izw.mmwMzm 

40 ^'y^4^{^# (PVD, CVD) 

[0089] ( f ) ^am<r>m 

50 fiV*. ^n^cOllttlcOilCIJ, -^^WtJEtT 



(2 1) 



W§&2 0 0 2-874 1 



3 9 



4 0 



[00 90] ( G ) ftm^3g^OfigB«3gOjlffc#IJ 

#weft s . h 2 -n 9 t*niBtet? 4 1 < 

[00 9 1]I2(t SgaPMEJB 1 0 a ki!HJ*rffii»m 

«4 o a fc<z>iHc ^3tii2 o t . 9Mwmm3 0 k £ 

oT^i. 03(4. iSRBHESOaifc:— atAH'J-H 
1 l£Rft. $4>fc*3B«*l OaiSlt. TI£9Jf 

6 o . js^ii 2 o . mmrnrn 30 ax vmmm 4 

•eft 9 . tfVJfffi^ 6 3b&*A *f"t ft «jt k & o X v * ft . 
1214(4. 5 CLhfcS lOfc^rU T 

^•3*6o*^LT«aeii2o*iajt, s^icnren 

JI3 0 fcj£!IJ**fli«M4 Oat SrRtt,. -SBto&JS'J 
-PI 1 ^IftttfcJffiaHK 5 0at,4«'J-Pll H 

s- nmiiz lx&w Ltz «, co-eft o . *rffifii^^ Ait 20 

^-ft«itT"ftft. 05(4. »3HHK5 0a±fc:-a&&M 
U-Hl l£Rft. 3&t38UB«Jfl 0 a (£fcii4 
0 a ) SrRWi *> 0 1 fflcOPal^TM 0 S 6 0 k iS3tM 2 

o twrnzmm 3 o k t^ss-fettcrc* 0 , wa^ 

fe^'AI«-ft«Jfeftfto 06(4. iiHJ*«5 0a± 

t5t B J«fl:ii 1 0 a . tmds6 0 . mftM2 0 , n?t 
^ttm 3 0 & ± wbbsmejh 4 0 a- Rtt . ; co±^3d# 

»K5 0 SrffiStfc^cOTft VmWIMtPbK&TJltl- 
ft«ifeftft. 07(4. S»£«5 0±fciWHl 0£ 

TM9Ji6 0£:frLTS9e*2 0£Rtt\ 3 30 

m^Mj« 3o^i tf&n&HBm* 4 0 a a R(t . ^ 

«±fci»3HHK 5 0a SrlBB Ltih cOT'ft 0 . *HSdj&» 
<b Alff ft ffiiaT'ft ft . 08(4. 3lHJSM5 0aJi 

izmmmmmi oa^ti, tmd)16 d^lts* 

Jf 2 0 £Rtt. § ^ CVffi&lMi 3 0 a J:t£&!litfSW 

mJ!4 0 a*RW\ ;0±CSflS5 OaiULft 
icOT'ftO. MH*^^AI^ft«iti;^oTV^ft 0 
119(4, £»»K5 0±fc*Ml 0£R(t. Tit OH 
6 0 £^LT!K^«2 0 £Rtf. § ^tH#=CO«^» 

«3 0£rh\ c\<7)_tiz-ffittmmnm4 0£fzttikm 40 

U-K 1 1 £#^ft fc«T-ft 0 . Wttffll^^^TJN- 
[00 92] C 2 ] 3i£Wfi 

SrS i± ft J: olzLtih coxfo ft . ^TOficO?^. S#fi| 

mt -r ft abaes t «f ^m^M^c^t; 



co-emv^ *^0j!co^«^«T^A^mm^affl^-ft 

-€-co-ir;kflgBcoffijIJ4g:fcWt;r_b£ Lfe3CTBE» 
*^<0ffijSt|lIt-eftft o *%BJOfe*iMSMA 

crt^iSx.-tmmZt 0 -5 ft, ±l^mm ; E^A-;K4, 

& lx zcoMWcoimmmMfr ^ytiwo t -r 
tixm . ^m^mmmm±mmm h mm a 

*MKT-S ft . a#cWt:i4. 1 1-84 5 74C 

[0093] 3t=«IH<03e«EBaf^fr»EHS»® ; E^A 
-/WtLfcflfit<?5— W*H1 0^^-T« Ell 0(4. iSBfl 
^rK^5 0 a(0—l3COW±tZiffii%mWa 1 0 a £R(f 

fzm. rm o s 6 o §r rb l , i co±tc s t t-fe*©* 

TiO2mLfc«3ei2 0, SWff»Jl3 OfcJ;^' 

#KMS*«il4 0 * Rttfe-fe/t-^ 

43 0 s Sfe 5 0 aOft!l^-cOffl(C(4RS : fll&±/i 7 0 ^Rit 

Si*«0*!Iffl3Ws£*W> ft fcfttc , JSdfcJf 2 0 coHmib* 
(^cOASffi-CftftSK5 0 a«j&»4>S3tfc #Offi«Jt 

[0094] HI OC^LfcffjgcO^A— ;PcO%&. 

M^vf-yy. CVD, PVDf«4^#ft7ntxg 
«f, ftft \*m;V?->m$i& ^(4J£S^uf*coL— if- 

X^7-^t>7\ T5X7CVM (Solar Energy Materi 
als and Solar Cells, 48, p373-381#tlEift) . WHO!* 

<7)MMm^mflz X v)>^-~y?^h <r t T-FJrMco^ 
^•^-;^5tSr#ft ; k ifiX'% ft . 
[0095] 

[£ttM] jar, ^^Mmmimzx^xmm^zmm 

^fto 

i . ~nit^-?y-5tmmwm 

1 - 1 . 

V-5a-^^ttST I-Nanoxi de-D ( Ti~ 
^-blSftf^ >-*ISc«0. p H = 0 . 8 ) 10g(^ 
f!5 0, 0 0 0WPEG (iK'Jif 
0.15g SSSfllU -Hht=JB», ^tfcL^MAk L 



(22) 

4 1 

1-2. ^fSE$tB~H *~HfcLfc. 
»IA10. 15g{:SUlmol/dm 3 »« [0096] 
7j<i§iS£ <fc XfN a O H ( H#; ) ffi. ^ 1 t^L^JS-fL [^ 1 ] 



WfM2 0 0 2-874 1 



4 2 





mum 






A 






B 


Na (OH) 


2. 6mg(0,33molX) 


C 


Na (OH) 


8. 6mg (l.OmolX) 


D 


Na (OH) 


26mg (3.3nloS) 


E 


KCO, 


12mg (l.OmolX) 


F 


Al (OH) a 


45mg (3.3mloS) 


G 


(CF a COO) 4 Sn 


32mg (l.OraloX) 


H 


S r (OH) 2 


1. 2g (25molX) 



[00 97] 2 . -fe3t£©sS LfcT i 0 2 mffi^#» * 

mmtm 1 o.frat t % s i a 7 £ h -r t ^» 

M ; 2 5mm x 1 0 Omm. HWffifitl OQ/D) COM 

fca, 4 o o°co* >y hri— h±dH^ , mmms. 5 20 

~1 0%fJHMTT\ X71/-AMn'J-/XS 
^V7n^yH5. 68g. T^iVT^YV 
4. lml, l^y-MOm 1 <7yMffl.£PSM) lz± K) 

-miti-^ymmrm^m (f^3 0nm) zmmL 

■?77;HPFP-3 21) fcAft, 5 5 0TCtT3 0* 30 

temmvwtsms&i 2o°ct^i.sT-^aiL^m, t& 

*R- KOjgJK (3X1 0-*^^/U -y h/K mm ; X 
^7— )V: t-y? : T-feh— Mf/V=l : 1 : 

2)C4 0°CT«i: d L^5& i ^>4^*iit/i. 
*^mffi£T*h-hU/lxT». §ML, 2 2 
rnmX 1 9 mmft fc-TOBffiDl LT«*£#fc. I«J:3 

[0098] 3 . m?t#WilOffMfcctW3tmm^#» 40 
_LfE2T'#iJL/tmffi£2 6mmx 1 8mmO^§C 
iWU W#14mmXl4mmfttaU ZMttfr 

3-1.4 *ymmmmcoBm 

■AmcomM=lMm^^xmM=l ■ 1mm) hSr, 

^•jxfi/ys«7i/- Alx^- -tf— low 

m) £j&ce\ «izMfc«fffl«5idfairc*&B4m 

m*3St=j^aiL-C»a-&*)*fc (HID . S^SP 
tfcSTiOi S&MIHKOiB £ m t T £ X;K* * 50 



OLi :CF 3 COONa=15 : 35 : 1 

[0099] 
[ftl4] 



CFsCO 
1 : 1 



It**! 




;c2H S 



H 5 



fH 3 




© 



BF4" 



N 

I 



[0100] /Jn^{±. ^#3ri/fflmmm\Tis-;UL 
3-2. iETLMjUS 

tKIHI^HJ^A lOg 

8Sffi8iH5*ffi lOg 

EDTA2Na2;J<l 3 0g 

*M7;kft F 4 g 

2.2' ytijy/l' 5 Omg 

NaCN 30mg 

K.2 N i (CN) 4 1 5mg 

PEG1 0 0 0 2 5mg 



(23) 



WfM2 0 0 2-874 1 



4 3 

u p t o ( tK ) 1 L 

i>6o # P H ii 1 2 o . too 5* ?K££MT'xr 

ffiSP^fe .fctf -b/K9JSBfl lmmBtiHiLftt toSr«}» 
■f-ft - 1 TMWtoo & U » l . 5 BROKE 

(BBW-fiik-CCuMSjejicLfc. Cu 

■Slfflx— CuSrCu I(cf»LTC 

TLM* fcjSKiSBiL'CV^ifc j&*BtH s E m J o «B"C 
§3to 3E«B»S^LhaB3-2fcJ:oT#jRLfc*W 

#»Ji±t. aMt#7x (atwu=i//m, 

#^XJ8UP= 1 . lram.t-{XlcmX2. 5 cm) 
[0101] c\tlt>3~ 1 j3j;tX3-2ti Hit: 



4 4 



10 



T i 0 2 VMM2 0 , 'mmWlM 3 0 . Mffi ( SAil4 
0 +*f?X 5 0a) *«MWSBWS*lfc312Wfi*WC* 

[0102] 4 . *itia*«as 

5 0 0W£7)H/V7y7" (^S^SSD fMfc£4B157 4 
/t^- (Oriel ttlAM 1 . 5 G ) Srjfrrc: £ 1 «£ 

SgilB ( WSMU2400I) MM Ltz . 
MS«J± ( V o c ) £ ( ) £!S2 t=ie«L 

fc. 

[0103] 
[^2] 



10a. T i O2 * 







mit&mm 


ItSfemJBE(Voc) 
(V) 


(%) 


1 0 1 


amm 


A 




0.5 9 


1 4. 5 


1 0 2 




B 


// 


0.6 1 


4. 6 


10 3 




C 


// 


0.6 4 


4. 7 


1 0 4 




D 


// 


0.6 8 


4. 4 


10 5 




E 


// 


0.6 3 


4. 6 


10 6 




F 


// 


0.6 3 


4. 6 


1 0 7 


**W 


G 


// 


0.6 1 


4, 5 


10 8 


*»H 


H 


// 


0.7 1 


3. 7 


10 9 


JtlftM 


A 




0.4 6 


2. 7 


110 




B 


// 


0.4 8 


2. 8 ! 


1 1 1 




C 


// 


0.5 2 


2. 9 


1 1 2 




D 


// 


0.5 7 | 


2. 7 



[0104]H2J;^ J: OftHLfc, 

WK102-1 08) (i. ffl^£r^«I (10 1) 
fc#fU IHJfe^E (Voc) jWSftV^fc 
*I|6li±«?^«I«tiE?LfftiMM^a^fflv^^ ( 1 1 
0-1 1 2) lctiVvC«>H«T*4. gB^Sffii;. AS 
OSsflPM^iKSrft ( 10 2 — 1 0 3-104) tttl 

■C lifr? t * 5 "CHPSr < , M£M ft i a fcSfcfi ft 
( 1 0 3>1 0 2. 104) . JBJlrt-SAKtJ: 

0 v o c offfinriHifiif £#9$ ft #\ tiy^Ah^ij^A 
fc. 1 0 fc*T i 02 tf^ylxhny 

f-?AOfi£*rt*£j£l/Ovfc. 10 2-1 0 7C0m& 
[0 10 5] SIS6^J2 

ftxXtiSJntfcSR'C^Bfc: J s c (JStttijHKS) 36**50 



[0 106] 

mm. fxomtmjiw*^. «^s**t-&ft. 
[HH^m^ii^] 

[Eii] ^wncont L\,wM$m£=froiim&*t 

aMHBfiBH-C**. 

[H2] ^m^is-tu^mmim^mmt:^ 

[03] *^BJO»S L V ^£*3eBt*^a3t£iSr$- 
aSiHBfiBH-C**. 

[04] ^fiHfj^jff* L^3tTOM^)aBiS*rr 
g|5^Bfffi0T^fto 

[05] *^0J!o*f * t V >ftree**^«at£istf- 

gP^Bfffl0T"35ft o 

[06 ] *^0flo*f £ L^%Ksm,m?<?)im**-r 

aSiHtffiBH-C**. 



(2 

4 5 

[07] *mi<m*L\,*%nsm&p<nm&tt 

»iH>riBBIT*4. 

[08] *^oeitv^«^3l^«3t^^ 
gB£M0T'*£ o 

[010] *«W<WK«a)»?*fflv^3BK-ftffl 

So 

[011] H««tr««tt^»a^b-li*<0«*^t 

i fe*©*- iMtf - * v mm 
3 rm&9vMimE**>&3CMto 



[0i ] 




) ^12002-8741 

4 6 



1 0 




10a 


mwmnm 


1 1 




2 0 




2 1 




2 2 




2 3 




3 0 




4 0 




4 0a 




5 0 




5 0a 




6 0 




7 0 


RStirikJH 



[02] 




(25) 



*$BB2 0 0 2-874 1 



[H5] 



li 




[06] 




(26) 



WM2 0 0 2-874 1 



[01 1 ] 



.1 




1 Zrntft 



